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The word culture may be interpreted in such widely different | 
ways, according to the points of view of different individuals, 
that its definition might properly be thought to be essential 
before I proceed with my remarks. I shall forego any such 
preliminary, however, and hope to use the term in so broad a 
way that it may include what any one might mean by its use 





learning, knowledge, or the enduring acquaintance with well- 
thought ideas. 

I shall also refer to some of the influences of the study of this 
ancient branch of learning upon both the teacher and the 
taught, and the enlargement of mental horizons which its 
pursuit brings to those who may give much or little of their 
time to it. 

It may be well to approach the matter in a somewhat his- 
torical manner, although progress here, as elsewhere has not 
been steady, but intermittent, as the genius of some man has 
illumined here and there the pathway of knowledge. Had one 
the time for the necessary historical investigation, I believe it 
would not be difficult to trace the development of this or 
other branches of learning in such away that the lives of 
students should overlap, in point of time, back to the earliest 
beginnings of recorded history. Thus we could picture the 
accretions of knowledge, and often of error, as handed on from 
one worker to another, of very different ability, in very differ- 
ent and perhaps distant lands, and with very unequal value in 





* Abridged from an address delivered at the dedication of the Swasey 


Observatory, Denison University, June 15, 1910 
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their separate contributions. Thus the astronomical progress 
of more than four centuries might be represented in the linkage 
of the lives of eight men, as follows: 
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It remains to me a singular fact that astronomy should have 
been one of the oldest of the sciences, even in superstitious 
ages. We should naturally think in the first place of agricul- 
ture, meteorology, anatomy and medicine, for instance, as 
subjects much nearer at hand than star-lore. I am inclined to 
think that the Chaldean shepherds have been overworked, that 
their contemplation of the nocturnal skies may have been a 
secondary rather than a primary concern with them. Is it not 
possible that we owe as much to the hardy venturers upon 
uncharted seas, whose course could be set only by the sun and 
stars when familiar landmarks of the coast had disappeared 
from view? 

But, whatever the cause, the fact remains that the early 
philosophy concerned itself with astronomy to a degree which, 
even an astronomer may admit, was disproportionate to the 
benefits it was conferring upon humanity. Thales, among the 
earliest of the Greek philosophers, was seeking for fundament- 
als and speculating on causes. Both the unchangeable char- 
acter of the starry skies, and, contrariwise, the variations in 
them, caused by time and seasons, stimulated speculation. 
Pythagoras perhaps anticipated by centuries the later knowl- 
edge of the rotation and revolution of the earth. With a 
singular detachment of mind from the immediately practical 
problems, the ultimate origins and causes were sought. Thus 
the culture of those ages was deeply impressed by astronomy, 
as interpreted by the philosophers of each period. With the 
advent of Hipparchus, the greatest astronomer of antiquity, 
in the second century before Christ, there was introduced the 
sound principle of basing the science upon observations, rather 
than upon general ideas of a speculative nature. How hard 
his successors have found it to follow in that simple but severe 
test of theory by fact! 

ea * * 

With the advent of Copernicus, (1473-1543), what an im- 

mense expansion of mind was prepared for the intellectual 
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world by the substitution of the true heliocentric system for 
the complicated makeshifts of Ptolemy! Not until after his 
death did his views receive much attention, but the opposition 
they aroused in clerical quarters doubtless greatly helped to 
diffuse them. And now came the great explorations of Colum- 
bus and his fellow pioneers on trackless oceans. Indeed, 
astronomy had largely contributed to the general culture of 
the times, to the grand awakening, the renaissance. Evidence 
was accumulating to show that comparatively simple laws 
were governing the complex motions of planets. The careful 
observations by Tycho and the great generalizations of Kepler 
were in the logical order of the day. Consider the expansion 
of ideas, the increase of general culture, which followed the 
discoveries made by Galileo, as’soon as he pointed his perfected 
telescope toward the moon, the sun, and planets; the existence 
on the moon of mountains and topography of the general sort 
of that of the earth; the spots on the ecclesiastically immacu- 
late sun, its rotation on its axis in twenty-five days; the 
moons of Jupiter and their rapid revolution; the mysterious 
appendage of Saturn not at first discerned as a ring. 

These discoveries, which were merely waiting for the optical 
power necessary for their revelation, profoundly affected the 
mental attitude of the intellectual people of the times, when 
the new knowledge had been diffused. A new place was 
given to the planets, in their relation to the earth, and a less 
exalted status in the solar system wa's the logical consequence 
for the earth. With its increased, but uncodrdinated knowl- 
edge, science was awaiting its Newton; but it was almost 
reluctantly that he gave from his store of knowledge, and we 
must not forget the great credit due to Edmund Halley for 
persuading Newton to present the principles he had formulated 
to the Royal Society. Not only this, but Halley undertook 
the publication, finally at his own expense (when the coffers 
of the Royal Society were found to have been drained by other 
undertakings) of the immortal Principia of Newton. 

The great impetus thus given to mathematical research, 
fostered in many cases by monarchs whose other contribu- 
tions to the uplift of humanity were few, brought brilliant 
results, and gave the means and methods which led to such a 
great generalization as that of LaPlace. We must not forget 
the earlier and independent philosophizing of Wright of Dur- 
ham, and of Immanuel Kant of Kénigsburg. LaPlace, how- 
ever, had the mathematical skill and genius to establish many 
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of his conclusions upon a rigid foundation of demonstration. 
But, in many respects, the generalization of the Nebular 
Hypothesis outreached observations and mathematical proof. 
His mind appears to have leaped over barriers which might 
soberly have been regarded as unsurmountable. He had prob- 
ably himself hardly seen a spiral, or even a ring nebula. It 
was beyond the reach of the imagination that men would 
some day know the chemical constitution of the sun, still less 
that of the vastly more distant stars and nebulae. But of 
course the researches of Messier (Louis Fifteenth’s ‘‘Ferret of 
Comets’’) and the splendid investigations of William Herschel, 
who in 1786 gave to the Royal Society his great catalogue of 
1000 nebulae, were available to LaPlace. 

Five years before the publication of the Systeme du Monde, 
which is dated 1796, Herschel, in 1791, had propounded the 
view that the nebula differed in nature from the stars. Upon 
this view he founded his theory of stellar evolution. It has a 
familiar sound to us now, quite in line with the expanding 
thought of the last half century. His development of the idea 
was apparently quite independent of the theory of LaPlace, 
which was published between successive papers of Herschel. 
He early registered his view that the self-luminous matter of 
the nebulz was ‘‘more fit to produce a star by its condensa- 
tion than to depend on the star for its existence.’’ He arranged 
in an orderly series the different objects he had discovered and 
found “‘perhaps not so much difference as would be in an annual 
description of the human figure, were it given from the birth 
of a child till he comes to be a man in his prime.’’ This ref- 
erence to the evolution theory of Herschel is made here as a 
matter of justice; but he is far better known by his many 
observational discoveries than by his speculation, while La 
Place is doubtless better known for his Nebular Hypothesis 
than for his splendid work, the Mecanique Celeste. 

The impress of the hypothesis of La Place upon the culture 
of the nineteenth century has been profound. What collegian 
has escaped the grandeur of the conception of so complicated 
a result as our solar system developing under comparatively 
simple laws? To have this conception brought distinctly to 
the attention of the student is, to my thinking, almost argu- 
ment enough for making astronomy a required study in college. 

Here let me answer in advance the question often asked of 
the practical astronomer or astrophysicist: Is the hypothesis 
of LaPlace now obsolete, and discarded, or supplanted by 
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views better in accord with modern research? My answer 
would bein the negative, and I know that this view is shared 
by many of my friends whose opinion I value. It is true that 
this theory of LaPlace is inadequate in some respects, and is 
mathematically unfounded in some particulars. Its premises 
need modification, and it also leaves much unexplained. But 
no adequate substitute has been proposed, and the increased 
study of the different phases of development, as inferred from 
stellar spectra, supports the LaPlacean theory surprisingly. 
Let us pass to another of the great discoveries of the nine- 
teenth century, crystallizing in the decade when The Origin 
of Species appeared. I refer the interpretation of celestial 
spectra. From the beginning of the century, the existence 
of dark lines in the solar spectrum had been known, and as 
“arly as 1817 Fraunhofer had examined with the prism the 
light from some of the stars and planets. The double dark 
“line in the solar spectrum (known as D) was known to 
coincide closely with the bright line in the spectrum of the 
sodium flame. Stokes, Balfour, Stewart, Foucault, had all 
groped near to the truth. It was Kirchoff, whose researches 
were made in connection with the eminent chemist Robert 
3unsen, who announced in a communication to the Berlin 
Academy of Sciences, in 1859, the correct interpretation of 
the dark lines in the spectrum of sun or star: they show 
the presence of an envelope of glowing vapors around the star. 
Here again, a tremendous expansion was instantly given to 
the horizon of thinking people. But to astronomers it was 
undoubtedly a far more impressive discovery, for it was the 
key to open the door to indefinite new realms of knowleége. 
Hereafter the position of a heavenly body and its motions 
were not to be the sole objects of inquiry, but their physical 
and chemical nature were to be investigated. And one of the 
special features of the discovery was that the spectroscope 
suffered no limitations from distance: provided the light was 
bright enough for analysis, the most distant star could be as 
well investigated asthe nearest. This is of immense advant- 
age, for in practically all investigations which depend upon 
angular motion (across the face of the sky) the errors of a 
determination increase proportionately with the distance from 
the Earth. 
* * * 
This brings us to another of the great principles revealed by 
the continued celestial application of the spectroscope and 
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spectrograph, namely, that of the qualitative unity of the 
universe. Such ideas as this, when properly impressed in the 
literature of science, cannot fail to affect markedly our concep- 
tion of the universe, and our relation to it, and thus to con- 
tribute to the world’s culture. I cannot feel that the idea has 
ever been sufficiently emphasized in popular writings or teach- 
ings. Inessence, it is this: Despite the immense quantitative 
range in the universe, from the infinitesimal to the almost 
infinitely large, in mass, in space, and in time; qualitatively 
the range is very narrow, and our sun, our earth, our very 
bodies, very fairly represent the whole range of quality in the 
universe. The chemical elements with which we are familiar, 
which form the basis of our experience on earth, or are spec- 
troscopically obvious in the sun, are essentially the same in 
the most distant star. 

In a universe whose spatial depths are not sounded even by 
thousands of millions of millions of miles, populated by millions, 
(perhaps thousands of millions) of vast objects, why should 
there not be thousands or miliions of kinds of matter—chemical 
elements by the milliens? I see no answer but the fact that there 
are not, so far as terrestrial or celestial chemistry can yet ascer- 
tain. In a century’s progress in chemistry, the number of ele- 
ments detected and differentiated is less than one hundred; and 
the outlook, as I, without any technical knowledge, understand 
it,is toward a decrease rather than an increase of the number of 
elements. And it is just those very elements with which we 
are most closely associated in our bodies and in our surround- 
ings that particularly abound in the far reaches of space; 
hydrogen is present, less than half a dozen stars excepted, in 
every star and gaseous nebula in the heavens; oxygen, nitrogen, 
silicon. carbon, magnesium, sodium—the most familiar elements 
of our atmosphere and the earth’s crust—are conspicuous in 
the spectra of stars, both early and late in the course of stellar 
evolution. Helium, so recently discovered in the earth, after 
being known to astronomers as present in the sun for the 
quarter of a century previously, also plays an especially im- 
portant part in the chemistry of one of the most interesting 
types of stars, being the chiet characteristic of the stars of the 
Orion type. There is one formeof hydrogen which chemists 
have not yet produced in the laboratory, although the keen 
analysis of Professor E. C Pickering established its existence 
in a few special stars a decade ago. Nebulum, too, will pre- 
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sumably be found within the earth, perhaps occluded in some 
crystals yet to be found into which it may have been absorbed 
(like helium) ages ago. 

This consideration of the homogeneity of the universe offers 
us some genuine consolation, when we have been depressed by 
reflections on the immensity of the universe and the utter 
insignificance of our earth, or our solar system. We may 
proudiy remember that, nevertheless, in quality, which is per- 
haps a far more essential matter, we share in the choicest of 
the whole universe. It is a tempting speculation to infer that, 
if matter does not differ widely in quality in the universe, mind, 
too, in its relation to matter, is not subject to an extensive 
range. No logical person can believe that the conditions for 
the mutual existence of mind and matter solely exist on this 
particular planet of this particular star which we call the sun. 
Hence we could guess that the sentient beings on other spheres 
of space would not differ so utterly from ourselves. But such 
speculations can scarcely ever be subject to the test of experi- 
ment or observation, and may not be soberly pursued further. 

* x * 

The battleground of modern practical astronomy is shifting, 
out to the problem of the structure of the sidereal universe. 
The first Herschel attacked the problem, and by his observa- 
tions laid a foundation for later work. The question of great 
interest now is, Whither? The genius of the eminent Dutch 
astronomer, Kapteyn, has detected law in the apparently 
random residual motions of the fixed stars. Dealing with stars, 
not singly but in great groups, he has tound evidences of what 
he has called ‘‘star streaming.’”’ The study began with the 
determination of the sun’s way, the path along which the sun 
is hurrying, carrying with him his unconscious planets, toward 
the region between the constellations Hercules and Lyra. 
Other astronomers confirm the conelusions of Kapteyn that 
there are in the sidereal universe at least two great streams of 
stars, and that they cross each other and mingle at some 
points. Sucha problem is so vast, and the data required are 
so extensive, that it transcends the capacity of the astronomers 
of one country. Like many other large practical problems, as 
for instance the great star catalogue of the Astronomische 
Gesellschaft, or the great photographic chart and catalogue of 
the whole heavens, such undertakings have to be international. 
Conterences, charming in their generous hospitality and frater- 
nal courtesy, are now being often held in different countries. 
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The international Solar Union, for the codperative study of 
the sun, and its phenomena, met last year at Pasadena. Such 
gatherings, becoming frequent in many other branches of sci- 
ence and art, are quietly but powerfully contributing to the 
cause of international peace. Continued and developed, they 
will operate effectively against the crowning absurdity of our 
age, the huge armaments of the great powers. If the product- 
ive power of the men thus withdrawn from useful activity 
could be utilized, and the vast sums of money wasted on unnec- 
essary ships could be spent on submerged humanity, how 
immense would be the gain to civilization! 

In celebrating to-day the opening of the beautiful observa- 
tory which will hereafter develop in this institution the science 
which has been my theme, it is fitting that we should briefly 
consider the advantages to student and teacher of the study 
of astronomy, both general and practical. The eminent class- 
ical authority, Professor Mahaffy, once told me that at Trinity 
College, Dublin, there were but two required subjects in the 
curriculum: logic and astronomy; and he justified this choice. 
It is surely true that no other subject of college instruction so 
instantly or so greatly broadens the horizon of the pupil. 
It is likely to catch the imagination and interest as few other 
topics do, and particularly when an observatory is at hand, 
where celestial objects and their phenomena may be demon- 
strated to all the members of aclass. The vision of the planet 
Saturn or of a fine star cluster, in a good telescope, is likely to 
produce an impression that time will hardly efface. As a foun- 
dation for geology, geography and meteorology, and as afford- 
ing constant application of principles previously learned in 
mathematics, physics and chemistry, astronomy has a particu- 
larly important place in the college curriculum. Mere familiar- 
ity with the principal constellations, once acquired in connec- 
tion with a course in astronomy, will always prove a pleasure 
to its possessors, perhaps increasingly so in later life. The 
understanding of the general facts of planetary motion, as of 
the changes from evening to morning star, is also likely to be 
a permanent source of satisfaction. 

The pursuit of courses of practical astronomy in an observa- 
tory is essential to the education of an engineer, and very 
desirable for those specializing in the physical sciences. The 
art of determining the time and the observer’s position on 
earth from observations of the stars, gives the student who 
acquires it a certain self-reliance that is of lasting value to him. 
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The accuracy necessary in all computations involved in the 
reduction of his observations gives an exceptionally good drill 
in applied mathematics. The principle that no observation 
made by the human eye is absolutely precise, and that no 
instrument is ever in perfect adjustment, and that these errors 
must be determined and allowed for—this principle is of obvious 
use in training of any student for precision in any future work. 

Courses or studies in astrophysics, such as observing, meas- 
uring and following the motions and changes of sun-spots, 
examining with the spectroscope the fascinating solar prom- 
inences and eruptions, measuring the brightness of the stars, 
determining the changes in light of the variable stars—all these 
commonly prove of much interest to the pupil, and stimulate 
him tothe closer observation of nature. 

To the teacher, also, the observatory is no less important 
than to the student. Here he gets information at first hand, 
notes with his own eye phenomena he had only dimly under- 
stood from descriptions in text-books. His enthusiasm for his 
work is likely to be greatly increased by the opportunity to see 
for himself, and to show to his pupils the phenomena. With 
a well equipped observatory, the teacher can, if his time per- 
mits, also make real contributions to science, and no man can 
make such researches, modest though they may be, without 
gaining new enthusiasm for his work as teacher, and without 
imparting this interest to his pupils. 





AN OPEN AIR TELESCOPE." 
DAVID TODD 


“Out upon the border-land I see the glimmer of new lights that wait 


for their interpretation, and the great telescopes of the future must 

be their interpreters.’”-—Alvan Graham Clark (1893 

But enthusiast for the great telescope as Clark always was, 
the advance of astronomy during the fifteen years since his 
death has far outstripped even his sanguine expectation. 
Already we havea number of newly-discovered variable stars 





* Reprinted from the American Journal of Science—Fourth Series, Vol. 
XXXII, No. 187, July 1911. 
+ Clark, Astron. and Astrophys. xii, 678, 1893 
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of the antalgol type, bright at intervals but most of the time 
very faint, and the minimum light of some of which goes far 
beyond the visual reach of present telescopes. Ritchey’s mar- 
velous photographs of nebula and star-clusters have brought 
to light unexpected features of these primal cloud-like forms, 
without minute optical knowledge of which we can scarcely 
hope ever to know their full significance in the cosmogony. 
These are but two of the ‘new lights” that await the present- 
day astronomer’s interpretation. 





FIGURE 11, 
4-foot Melbourne Reflector. (Designed and built by Thomas Grubb.)* 


All telescopes are made up of three parts: Objectglass, eye- 
piece, and some form of rigid mechanical connection between 
the two. Usually this last is a round tube, either cylindrical 
or conical; but there is no optical reason why it may not take 
any shape that the exigencies of mechanics or engineering may 
demand. 

Many opén-tube telescopes have been built. Huygens (1629-95) 
even built one with no tube at all, an aerial telescope, as he 
called it; the objective in a counterbalanced cell with universal 
joint, mounted on top of a tall pole. He drew the axis of 
the objective into approximate line with the axis of the 
ocular by means of a small chord or wire reaching down to 
the observer on the ground. No objective of modern optical 
excellence could ever be satisfactorily used in this way. The 
4-foot Melbourne reflector designed and built by Thomas Grubb 
(1800-78) has an open tube of spirally interlacing straps of 
steel. (Fig. 1.) 


* Grubb, T., Phil. Trans. Roy. Soc. clix, 127, 1869. 
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The superior performance of a great telescope in the open air 
has long been known to astronomers. The huge instruments 
of Sir William Herschel (1738-1822) (Fig. 2), of Lord Rosse 
(1800-67) (Fig. 3), and of Lassell (1799-1880),* were all open- 
air instruments. All these were reflectors of course; but the 
same is true of refractors, as I found in 1907 when exigency 
required the mounting of the 18-inch Amherst refractor in the 
open-air tennis court of Oficina Alianza, in the foothills of the 
Andes above Iquique, Chile... With a serene atmosphere, cloud- 
less, rainless and windless, it was not surprising that the 
Expedition brought back to Professor Lowell many thousand 





FIGURE 2 


Sir William Herschel’s 40-foot Telescope. (Incribed to his Royal 
Patron, King George the Third, 1795. 3 
photographs of Mars which far surpassed all contemporary 
pictures. The universal excellence of Gefinition at Alianza was 
largely due to open-air working of the telescope; and no as- 





* Lassell, Mem. Roy. Astron. Soc. xxxvi, 1867 
+ Herschel, W., Phil. Trans. for 1795, p. 347. 
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tronomer who has once had such an experience would ever 
insist on operating a telescope from the interior of a dome, 
except as protection from the weather necessitated it. 


pre D 





FIGURE 3. 


Lord Rosse’s Great six-foot Reflecting Telescope. 
(Birr Castle, Parsonstown, Ireland. )* 

The design for a type of open-air telescope which it is the 
object of this paper to present is the outcome of many years of 
practical work with both reflectors and refractors. 

The optical advantages of great focal length were known to 
the earliest telescope makers, especially Huygens, Cassini 
(1625-1712), Hevelius (1611-87), and Bianchini (1662-1729), 
whose instruments had single-lens objectives, the harmful ab- 
errations of which were, they found. very greatly reduced by 
figuring the lens nearly flat, so as to throw the focus remote 





* Rosse, Phil. Trans. cli. 681, 1861. 
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from the objectglass. But these early makers of long telescopes 
were deprived of realizing the full optical advantage of this 
construction by the backward condition of: first, the art of 
making optical glass; second, the art of figuring and polishing 
a lens; third, the undeveloped stage of metal working; and 
fourth, the lack of suitable engineering design. (Fig. 4.) 

To any practical astronomer, the almost insuperable diffi- 
ulty in the use of such a telescope would immediately occur. 
Auzout (1630-91) perhaps built and used a similar one 600 
feet in length, but I cannot see how he could ever have done 
either, with the lack of resources of his day. 











FIGURE 4. 


Typical Great Telescope of the 17th Century 
(Built and used by Hevelius at Dantzig 

The Hall-Dollond (1703-71)—(1706-61) invention of the 
achromatic objective did not cancel the desirability of great 
focal length, and subsequent investigators have not wholly 
eliminated it. With the longer radii of curvature of the sur- 
faces, both crown and flint lenses can be reduced to a mini- 
mum in thickness with corresponding reduction of the loss of 
light by absorption. The chief gain of great focal length, as 
Hastings has shown,* is that both spherical and chromatic 
aberrations are more effectively reduced. 





* Hastings. The Sid. Messenger, x, 335, 1891. 
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While the parts that make up the complete telescope are but 
three, the elements that interfere with, and even preclude, its 
perfect construction and working are essentially but three also. 
Foremost of all is the ever mobile atmosphere which, though 
it be transparent, is always quivering and tremulous, never 
quiescent; second, the imperfections of work of glassmaker 
and optician; and third, insufficient and imperfect design or 
malconstruction of mechanical parts of the telescope or mount- 
ing, which often interfere seriously with its working, or stand 
in the way of advance to greater optical power. 

A century ago the 40-foot reflector of Sir William Herschel 
was in use at Slough, and six-inch object glasses were con- 
sidered the largest possible. A half-century later Lord Rosse 
had finished his 6-foot reflector at Parsonstown, and the Clarks 
were beginning an 18'%-inch objective, 





a truly great advance. 
The years since then have brought unparalleled progress in 
glass construction,* in optical methods, and even more in the 
mechanic arts. Telescope builders have advantaged greatly 
from all this practical progress, culminating in the 40-inch 
Yerkes telescope (1897), a noble instrument which has given 
excellent account of itself in the skilful hands of Barnard and 
Burnham, Frost, Hale, and Ritchey.+ (Fig. 5.) But it isa 
close approach to the ultimate size attainable in the refracting 
telescope, so long as we confine ourselves to this type of mount- 
ing. The 40-inch glass, too, is in itself so weighty, in conse- 
quence of great thickness of both the lenses requisite to accom- 
modate a relatively short tube, that actual flexure of the glass 
begins to appear as an obstacle to perfect optical performance 
at varying altitudes. And it is probable that larger objectives 
of this relatively short focal length would have to be figured 
for best performance only within a limited range in zenith 
distance. Needless to say, too, the protecting dome and the 
cumbrous rising-floor, when added to the cost of the instrument 
itself, practically prohibit much farther increase of size.t 
Solution of the problem of the long telescope, then, resolves 
itself into two general divisions: (1) to build the tube so that 
its flexure shall be negligible. The elder Herschel and Lord 
Rosse both succeeded in this; but their tubes, although the 
largest ever built, were relatively short. (2) to mount the 





* Vogel. Astrophys. Jour. v, 75, 1807. 

+ Hale, Astrophys. Jour. vi, 37, 1897. 

¢ All the previous illustrations are taken from my Stars and Telescopes, by 
courtesy Of the publishers, Messrs. Little, Brown & Company, Boston. 
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77 
weighty tube so that it can be pointed with ease to any part 
of the sky. The mechanical genius of ‘Herschel selected the only 
feasible type of mounting for a structure of such great weight; 
and with certain modifications embodying the engineering and 
mechanical practice of the present day, his design must remain 
forever the basis of that type of mounting, which, all told, is 

















FiGuRE 5 


40-inch Telescope of the Yerkes Observatory. (Glass by Mantois, 
objective by Alyan Clark & Sons, of Cambridgeport, mounting by 
Warner & Swasey, of Cleveland. The tube is about 65 feet long; and, 
although the moving parts of this great telescope weigh over fifteen 
tons, the whole is easily managed by one man, through control of 
The counter-weighted dome-floor rises and falls 
23 feet, on the plan originated by Sir Howard Grubb 


several electric motors. 


The photograph 
shows it near its lowest position The dome is 90 feet in 


diameter, 
and weighs 140 tons.) 
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the best, for future great telescopes. Lord .Rosse, however, 


adopted, not this form of universal mounting, but a modified 
type in which his “Leviathan” was restricted in use to small 
hour-angles between two north and south walls. 
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FIGURE 6. 


Proposed Open-Air Refracting Telescope. Todd (1911.) 
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I have begun my projected telescope not at the end but in 
the middle, just as a bridge engineer 
(Fig. 6.) 


The basis of its tube is a cubical section or compartment of 


builds a cantilever. 


steel plates, reinforced as in box-girder construction, so as to 
be absolutely rigid and unyielding. For a telescope 200 feet 
or 300 feet long, I would build this central cube about 20 
feet square. On two opposite sides it is perforated to allow the 
cone of rays to pass through; and on two other sides of the 
cube, at right angles to the cone of rays, are attached the cir- 
cular bed-plates of the bearing pins. In other words, tube and 
axis are the same in construction as the ordinary type of tran- 
sit instrument, with shortened axis and 
between the pivots. Needless to say, this is the form which, in 
the evolution of transit and meridian circle, has been 
give minimum flexure. 


a minimum distance 


found to 


As we are per force restricted to standard commercial forms 
of structural steel, the two halves of the tube must be built up, 


not as cones (the ideal form) but as square pyramids. As we 


have rotation about only one axis to deal with, the flexure of 
the great tube is easy to handle. 
Mr. Spencer Miller, the eminent cable engineer, 


suggests the 
construction of a 10-foot model of this tube, 


from standard 
brass angles. Subjecting this model to known stresses and 
measuring up the observed flexures would afford the data nec- 
essary in deciding what forms and weights of structural steel 
would be best adapted to the construction of the full-sized 


tube. The weight of objective and cell at one end, and of ob- 


serving-carriage, the observers and accessory apparatus at the 
other, can be accurately estimated. 

It will be apparent that the alt-azimuth type of mounting 
follows as a necessary consequence of this evolution; and the 
altitude motion gives no trouble whatever in either design or 
practical construction; it is only when we reach the azimuth 
motion that mechanical and engineering difficulties 
though they are not wholly insuperable ones. 


As we go downward from the telescope 


arise, 


to the ground, our 
troubles increase; and they become a maximum when we reach 
the plane of junction between earth and mounting. Let 
now consider the method of dealing with this problem. 


us 


Apparently a simple one, it admits of several solutions at 
first sight practical, but which would actually prove infeasible 


on trial. The most obvious plan is the one adopted in Sir 








480 An Open Air Telescope 


William Herschel’s mounting. Modern ball-bearings provide a 
vast improvement on the Herschelian construction; but the 
weakest member of the whole scheme is the horizontal, circular 
track, which must be at least 50 feet in diameter. To true up 
this track to a perfect jointless horizontal plane, and maintain 
it so, is a practical mechanical impossibility: at least I have not 
fouiid any mechanical engineer who would undertake either to 
do’ it or to suggest a certain way of accomplishing it. Easy 
enough it is to think such an ideal steel track into existence, 
but to build one that will stay so is quite another affair. 
Mounting and adjusting the rollers in a circular race offer no 
great difficulties; in fact, Mr. Henry Hess of the Hess-Bright 
Manufacturing Company of Philadeiphia, and his corps of 
able engineers, have worked out the bearing details of at least 
two feasible designs. In these the rollers are attached to the 
horizontal base-member supporting the two upright pyramidal 
towers on which rest the Y’s of the horizontal altitude axis. 

The simplest and least expensive of the three Hess-Bright 
designs fcr rotating motion of the azimuth-base would utilize 
50 commercial car-wheels with ball-bearing mounts, and trav- 
eling on a 90-pound rail track about 76 feet in diameter. But 
the best design and the easiest working one is an adaptation of 
the “Grubb live-ring’”’? with coned rollers of large diameter, 
their axles turning in ball-bearings and the live-ring traveling 
with half the speed of the plate itself. 

Another plan which presents some advantages would involve 
the inversion of this design, the rotatory track attached to the 
underside of the base plate being trued off on its lower side. 
The supporting wheels would then be themselves stationary, 
and adjustment vertically as well as horizontally and radially 
would be facilitated. 

But all these designs would offer serious difficulties in actual 
construction and operation. (1) To make a circular track 
so near a perfect plane that the load would be evenly dis- 
tributed among the rollers. In experience with the 35-foot 
dome of Amherst College Observatory, supported on 14. rollers 
with an average weight of a ton on each, I have found equable 
distribution of the load by no means easy, and oftentimes one 
or two rollers travel part way round as “‘idlers.’’ With the 
number of rollers increased to 50, as in the proposed telescope, 
I think the obstacles to equable load would be very greatly 
enhanced. (2) To preclude overturning of the entire structure 
by wind-thrust, a track on the upper side of the base plate 
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would be necessary; and trued up in a plane absolutely parallel 
to that on its underside. (3) The wind-thrust on the central pin- 
tle might prove so great as to deform it, and thus enforce expen- 
sive and time consuming repairs. (4) It is absolutely necessary 
that the whole structure, weighing perhaps 50 tons, shall turn 
with perfect smoothness and unvarying resistance, so that the 
clock-motion in azimuth may drive it with a positive motion 
and with that uniformity of speed-variation requisite to 
maintain the telescope’s collimation line always -coincident 
with the star’s vertical circle. 

Temperature adjustment of the base-plate offers no serious 
difficulty, as the entire plate is readily enclosed 
weather-proof house, in the same mannet 


within a 
as the dome at 
Amherst is sealed against the smoke, dust, fog and temperature- 
fluctuations of the outer air; that is, by means of a thick hair- 
felt diaphragm which slips round on a stationary ring faced 
with planished copper. Also by mounting the vertical towers 
symmetrically on the base-plate, the stresses in it become very 
favorable for preventing its deformation. 

All the above mentioned Hess-Bright designs contemplate 
the sustentation of the entire load upon the rollers. As this 
load need not exceed a ton on each, there is no reason whatever 
to fear that the whole structure might not 


e=4 


turn round with 
ease, and with some approach to entire smoothness. I am, 
however, doubttul about its being the best method, even if the 
principle of flotation were added. 

The cardinal objection to this whole plan, which Herschel 
was the first to employ, lies in the circular horizontal track 
In practical use, it would always be accumulating dust, and 
any defect of precise radial adjustment of the axes of the rollers 
would give rise to variable friction. This is wholly unallow- 
able, unless the clock-motion is a motor with excessive reserve 
power. 

Let us see if we cannot vet along without the horizontal 
track entirely. What we wantis an absolutely smootb, posi- 
tive and yet exceedingly easy motion of a huge vertical shaft. 
In order to meet those requisites, and treating it as a shaft 
simply, we should extend its length downward, and confine 
its motion asa journal between two horizontal friction rings, 
slipping between roller bearings on vertical axes. These rings 
with perhaps 100 roller bearings for each, 50 outside and 50 in, 
should have horizontal wheels or rollers of large diameter, 
ground to perfect cylinders. These rings are intended to oper- 
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ate only when the telescope is in use in the wind. When the 
air is still, a smoother azimuth motion would be possible if 
the friction rings are clamped motionless to the concrete well 
in which the vertical drum revolves. 

Then I would float the structure in either oil or water, leav- 
ing only afew hundred pounds of load on a central button or 
pintle. In this way a clock of minimum power would suffice 
to drive a maximum load with perfect smoothness. The ex- 
panded vertical axis, then would be a little lke the inner tank 
of a gasometer when at its lowest point. It should be not 
less than 50 feet in length, or vertical height; and this drum. 
shaped form would afford an easy interior construction, insur- 
ing absolute rigidity of the vertical towers, which might go 
down through it, as far as thought best. No wind could ever 
topple the structure over, and the open air telescope would be 
safely usable on all but the windiest occasions. By lowering 
the pintle underneath and pumping out enough of the flotation 
to allow the drum to settle down to stationary beds, the drum 
could be rigidly clamped near the top and bottom, so as to 
withstand securely all stormy weathers when not inuse. In 
case of a severe gale, the telescope would be pointed quartering 
to the wind, observing carriage and tail-piece unshipped, and 
tube directed to the nadir. Here the objective would be double- 
housed against the storm and the cell clamped firmly. This 
would secure both bearings and open-air pyramids against 
harmful stress due to excessive wind-thrust, as the gale would 
strike the structure edgewise. 

I have not intended in this paper to deal with the solution 
of any but the most general problems of this proposed tele- 
scope. All details have, however, been critically worked out, 
so that an approximate estimate of cost is available. 
objective would cost about $125,000, 
ment would represent about double that 
the weather-protection of the objective 


A 5-foot 
and the entire instru- 
amount. For instance, 
and eyepieces, of alti- 
tude bearings and of altitude clamp, quick motion and slow 
motion; also electric motors for operating the same in both 
coérdinates, and for the requisite variable clock-motion in both 
altitude and azimuth, as well as for driving the rotary tail- 
piece on a ball-race. With this arrangement, and an adaptation 
of Professor Ritchey’s double-slide plateholder with independent 
rotary motion, micrometric work and even precision photog- 
raphy might be quite practicable. All the clamps and motions 
and clocks may be controlled by electric motors operated from 
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triplicate switchboards in (1) the observing box (2) the altitude 
house (not shown on the upright piers), and (3) from the azi- 
muth room concealed beneath the basal drum. 

In lieu of observing-chair or rising-floor, observer and assist- 
ant ride in a light carriage on the eye-end, swinging on a hori- 
zontal ball-bearing axis which passes through the focal plane. 
This may be wholly enclosed for weather protection, and it 
can readily be warmed electrically in winter. Should such an 
instrument ever be erected on a high mountain, as for instance 
Fuji-yama in Japan, 12,400 feet elevation, where a saddle 
within the crater provides an ideal location such that wind 
would rarely shake the telescope, it would be wholly feasible, 
in fact very easy, to supply the observing-box with air arti- 
ficially compressed to sea-level tension. Thereby we should 
avoid the disastrous effect of mountain sickness, which not only 
interferes greatly with ones comfort at elevations much in 
excess of 10,000 feet, but in consequence of the quickened pulse, 
tends to shorten the life-span of anyone who persists in tarrying 
long at great elevations, without frequent return to safe and 
lower altitudes. 

Only the open-air alt-azimuth is discussed in the present 
paper. On the successful construction of such an instrument, 
an equatorial of similar type would be found easy to design 
and construct on a mountain side sloping poleward. The best 
design would be a lengthened polar axis, with adequate flota- 
tion drums near each end, and a forked overhanging head, 
very similar to the alt-azimuth design here given, only more 
strongly braced, and in which no added weight is requisite 
for declination counterpoise. 

Observatory: Amherst College 
April 22, 1911. 





LIFE IN OTHER WORLDsS.* 


The question asked of the astronomer, more frequently per- 
haps than any other by the average visitor to an observa- 
tory is that concerning the ‘‘man in the moon.” Though 

* Read before the Astronomical Society of the Pacific, March 25. 1911 
Reprinted from Pub. Ast. Soc. of the Pacific Vol. X XI 
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jokingly asked in general, and sometimes in all seriousness, it 
always implies a serious question, which naturally arises in 
the mind of one who thinks on things celestial, concerning the 
possibility of life like our own in other worlds. Are all the plan- 
ets which circle around the sun, or any of them, the abodes of 
living, sentient beings? Are those beings like ourselves? Are 
they engaged in similar pursuits? Do they till the soil, sow 
and reap, buy and sell and get gain? Have they learned men, 
prying into the secrets of the universe with microscope and 
telescope? Are they looking down at us and wondering whether 
on this little earth we know as much as they do? Or, among 
the millions of orbs which sweep through limitless space, is 
the little world on which we stand the only one which has 
been honored by the Creator with the creation of ‘‘man in his 
own image’’? 

Fruitless questions these, you may say, which it is impossible 
to decide. True. Still, these are things we would like to know 
and we shall be justified in throwing all the light we can upon 
them. Of late the studies of the planet Mars have drawn 
attention to the similarity of its physical condition to that of 
the earth, and there have been suggestions of methods of in- 
terplanetary communication. The newspapers a few years ago 
circulated reports to the effect that a certain astronomer had 
seen lights flashing from Mars in such a manner as to suggest 
to him a system of signals; in other words, that the Martians 
were attempting to telegraph to the inhabitants of the earth, 
or some other planet, after the manner of our army signal 
service. Though this was all a hoax, the thought has been 
taken up, partly in jest, partly in earnest, and schemes have 
been suggested for signaling back to the Martians by series of 
flashes from powerful condensers at the extremities of a great 
triangle upon the earth’s surface. One lady was so impressed 
by these suggestions that at her death she left the sum of 
25,000 francs to the Institute de France, to be used in carrying 
out the experiments. Of course nothing could come from such 
attempts, and I do not suppose they will ever be made, but 
the thoughts are interesting and might be made the basis o1 a 
popular novel. 

Into the a priori arguments in tavor of or against the belief 
that the other planets are inhabited I have not time to enter. 
The principal argument in favor is that from analogy. Every- 
where in the earth we find evidence that the purpose of its 
creation was to sustain life. The planets are like the earth, 
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and therefore must have been made for the same purpose. 
The stars are like the sun, and doubtless like it have planets 
revolving about them; and so throughout the infinite universe 
“the heavens declare the glory of God’’ through the medium 
of infinite myriads of living souls, each capable of rendering 
the homage due to its Maker, and of comprehending to a 
limited extent His wondrous works. On the other hand, to 
some minds it does not seem at all necessary to the glory of 
God that His works should be seen and appreciated by human 
eyes. 

The elaboration of these two views would be exceedingly 
interesting, but I must confine myself to the discussion of the 
facts, which have been derived from observations with teles- 
cope and spectroscope, concerning the physical condition of the 
planets, and their bearing upon the question of habitability. 
I say habitability, for I do not think we shall ever be able to 
say positively that any of the planets are actually inhabited. 
We shall by no increase of magnifying and defining power of 
telescopes ever be able to actually see the inhabitants. This 
is not because we have reached the limit of magnifying power, 
but because of the great turbulent ocean of atmosphere through 
which we must look, and which is almost incessantly in motion, 
bending and intermingling the rays ef light which come to us, 
so that the minute details of a planet’s surface are hopelessly 
blurred. The more we magnify them the worse they are 
blurred. On exceedingly rare occasions this sea of air quiets 
down and permits the astronomer to use the full power of his 
instrument. The astronomer is happy if at these times he is 
free to devote his attention to those objects which are most 
attractive to the sight. Occasionally such opportunities come 
to us at Goodsell Observatory. One in particular I call to 
mind. Visitors were present, and soon the clouds came over, 
but in the few minutes granted to us we saw minuter detail 
in the depths of some of those giant craters on the moon than 
we had ever seen before. Fine, however, as these details were, 
they were far too coarse to indicate the presence of men, or 
elephants, or even individual houses and trees. With the 
highest power we can use on our 16-inch telescope, the moon 
is brought within one hundred and fifty miles, i. e. its apparent 
size in the telescope is as large as it would be to the naked eye 
if the moon were actually one hundred and fifty miles away. 
The great Lick telescope in its favorable position on a moun- 
tain, above the worst of the atmospheric disturbances, will 
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at best bring the moon within sixty miles. You know how 
little can be seen at that distance. A man, to be seen with 
the unaided eye, must be within ten miles distance. Theoret- 
ically, a telescope could be constructed of sufficient power to 
bring the moon within ten miles, but at the summit of the 
highest mountain on the earth, there would still be air enough 
(as well as sufficient lack of air) to prevent its use. We must 
then give up all hope of seeing living beinys on the moon, our 
nearest neighbor, much more so on the other planets. 

Inquiring into the physical conditions of the planets, as 
suitable to the sustenance of life or not, we find first upon the 
moon no air. At least the atmosphere is thinner than that in 
the most perfect vacuum which we can produce by means of 
an air-pump. The rays of light from stars, when the moon 
passes them, suffer no change, either of intensity or direction, 
until they are instantly cut off by the solid edge of the moon. 
There are no clouds and no water. Air and water have ap- 
parently all been absorbed into the solid crust of our satellite. 
Without air and water, no vegetation can exist. There is no 
soil other than volcanic ashes. The surface is excecdingly 
rough and broken, the greater portion completely covered with 
crater rings and cones, lava ridges and mountains. Great 
yawning cracks and chasms abound, thousands of yards wide 
and of unknown depth. The temperature is intensely cold. 
The rays of the sun beat down fiercely upon the surface un- 
restrained by the blanket of air and vapor which on the carth 
both tempers and retains the heat, but the absence of this 
blanket allows the heat cn the moon to be almost immediately 
radiated into space. According to the most recent investiga- 
tions, the temperature of the lunar surface even during the 
long day (fourteen of our days) of continuous sunshine does 
not rise above the freezing point. And during the equally long 
night it must fall appallingly low. Surely this is not the place 
to look for life like ours. 

The sun, I suppose, may be left out of consideration. A ball 
of gas, having a surface temperature estimated at about 
10,000° Fahrenheit, would not be likely to be a comfortable 
place to live. Yet the theory has been entertained, by so great 
an authority as Sir William Herschel, that there might be a 
cool body within the sun, protected in some way from the 
intense heat of the exterior, so that life would be possible and 
comfortable. What kind of an envelope could possibly be 
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sufficient to protect the interior from the immense radiation of 
the exterior, which is found to be about 10,000 horse-power 
per square foot, has not been satisfactorily explained. 
Passing outward from the sun, the first planet we come to 
is Mercury. Until recently but little was known of the physical 
condition of this planet. Its orbit is so near the sun that 
observations of its surface are obtained only with difficulty 
and under unfavorable circumstances. In 1881-2, however, 
Schiaparelli succeeded, by midday observations in the trans- 
parent sky of Italy, in identifying certain markings on Mer- 
cury’s surface which led him to the conclusion that the planet 
rotates upon its axis in the same time that it revolves about 
the sun, thus keeping always the same side toward the sun. 
More recently this-conclusion has been verified by Lowell’s 
observations at Flagstaff, Arizona, and it is probably to be 
accepted as a fact, although it is not yet admitted by all 
astronomers. If it be true, this fact has an important bearing 
upon the subject we are discussing. If the planet always keeps 
the same side toward the sun, there will be on the one hemis- 
phere eternal day, on the other everlasting night. We can 
imagine what would be the effect upon the earth if the sun 
were to stop its diurnal course through the sky and become 
stationary near the zenith. Without the alternation of day 
and night, a continuous noon-day sun boiling down fiercely 
year after year would raise the temperature to a_ frightful 
height. Multiply the intensity of the rays of the tropical mid- 
summer sun by nine and you will have some idea of those 
which beat down upon the sunward side of Mercury. On the 
other side would be the opposite extreme, unbroken night and 
a temperature practically as low as that of space, On the 
margin of the two hemispheres would be a zone 47° wide 
which would be alternately in sunshine and in darkness in the 
period of the planet’s revolution, eighty-eight days. The sun 
does not stand stock still in the sky, but nods back and forth, 
east and west, through an are of 47°, because of the planets 
varying speed in its quite elliptic orbit, while its rotation is 
uniform. We perhaps might suppose that the middle portion 
of this zone of alternate sunlight and darkness might be endura- 
ble by beings like ourselves, so far as heat andcold are concerned, 
but it is probable that Mercury, like the moon, has little if 
any air and water. Having only one twenty-first of the mass 
of the earth, Mercury’s gravitation is theoretically insufficient 
to retain much of an atmosphere, and according to Lowell's 
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observations, there is no visible evidence of any, for the mark- 
ings which are seen are unobscured by haze or cloud on the 
planet. We must, therefore, conclude that Mercury is not 
habitable. 

Next outward from the sun we come to Venus. In size and 
density this planet is very like the earth, and we might expect 
here, if anywhere upon the planets, we should find conditions 
suitable for life like our own. Until recently the rotation 
period was thought to be almost the same as that of the 
earth, so that she would have the same alternation of day 
and night, and the fact that what markings are seen are of 
the dimmest, vaguest, sort argues that a dense atmosphere, 
perhaps filled with clouds, covers the planet. In 1889, how- 
ever, Schiaparelli came to the conclusion that Venus, like Mer- 
curv, keeps the same side always toward the sun, rotating 
once in exactly the same time in which she completes her circuit 
around the sun. Lowell’s more recent observations confirm 
this view, and spectrograms of the planet taken at Flagstaff 
tend to establish the fact of very slow rotation. We may, 
however, question the validity of a proof which depends upon 
spectrograms taken in midday, when the sky spectrum, i. e. the 
spectrum of sunlight reflected by our own atmosphere, is super- 
posed upon that of the planet, and masks the slight inclination 
which the planet’s rotation might produce in the spectral lines. 

The orbit of Venus is very nearly circular, so that, if the 
planet rotates exactly once 1n each revolution around the sun, 
there is very little libration in longitude, and the conditions 
upon the sunward side and the side opposite must be even more 
contrasted and constant than upon Mercury. Professor Lowell 
points out that the atmospheric currents would be practically 
constant, the lower currents being away from the point directly 
beneath the sun to the point directly opposite. One cffect of 
these conditions would be to continually carry away the mois- 
ture from the sunward hemisphere and deposit it in the form 
of snow and ice on the dark hemisphere. The low temperature 
prevailing there would cause the moisture to be frozen and 
so prevented largely from returning. This process kept up from 
age to age would finally deplete one hemisphere of its water 
and cover the other with a permanent coat of ice. Thus Venus, 
if these things are true, is an even more undesirable place of 
abode than Mercury. 

We have not been very successful, thus far, in our attempt 
to find a place of comfortable abode away from the earth. 
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Let us try Mars next. Here we first find positive signs of 
similarity to the earth. The atmosphere of Mars is much less 
dense than that of Venus or that of the earth, and much more 
of permanent detail of surface may be seen than upon any other 
planet. We see here large areas of bluish green, which used 
to be called seas and oceans, but which are now thought to be 
regions where vegetation is abundant. Other large areas, cov- 
ering more than half of the surface of Mars, are of a reddish 
orange color, and are thought to be great deserts. The polar 
regions are marked by white areas which increase and diminish 
with the seasons on Mars, aud it is very natural to call these 
snow caps, from the likeness of their behavior to that of the 
polar areas of snow and ice upon the earth. The day of Mars 
is only about forty minutes longer than ours; the year there is 
E87 of our days, or 669 of the Martian days. The axis of 
the planet is tilted out of the perpendicular to the plane of its 
orbit by 23° 56’, only half a degree more than the tilt of the 
earth’s axis, so that the seasons on Mars will be almost the 
exact counterpart of our own, except that their length is nearly 
double ours. 

The difficulties in the way of saying at once that Mars is 
habitable by beings like ourselves are three; the lack of heat 
from the sun; the lack of atmosphere; and the lack of large 
bodies of water. Being 1.4 further from the sun, Mars 
ceives only half the heat that the earth 


re- 
does, and this fact 
would argue that in the absence of a dense blanket of water- 
vapor to retain the heat, the temperature must be extremely 
low, too low in fact for ice to meit at all. The change of the 
polar caps contradicts this, and those who argue for low tem- 
perature are forced to suggest some other substance than stow 
to account for the caps. Carbon dioxide has been suggested 


by some as a substance whose crystals are as white as those 


of snow, and whose temperature of crystallization is much 
lower than that of water. But Lowell points out that at 
pressures of anything like that of our atmosphere or less, 


carbon dioxide passes at once from the solid to the gaseous 


state. Water lingers in the intermediate state of a liquid. 
The Martian cap as it melts is surrounded by a deep blue 
band, which accompanies it in its retreat, shrinking to keep 
pace with the diminution of the cap. This is what we should 
expect if it were water. And if we are to bring in an extra 
amount of carbon dioxide, a far less increase over the amount 


found in the earth’s atmosphere would so add to the heat 
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retaining power of Mars’ atmosphere as to account for the 
apparently high temperature indicated by the observed season- 
al changes. 

Of the rarity of the atmosphere there is no question. The 
mass of Mars is so much smaller than that of the earth that 
the force of gravity at the surface of the planet is too weak 
to retain an atmosphere of anything like the density of our 
own. Even the most ardent advocates of the possibility of life 
on Mars admit that if one of us were to be suddenly trans- 
ported to that planet, he would probably die in a few minutes 
because of the rarity of the atmosphere. But it is claimed that 
beings like ourselves might gradually become accustomed to 
an atmosphere much rarer than ours, and this is probably true. 

That water is comparatively scarce there, is also unques- 
tioned. The spectroscopic observations of Mars at Flagstaff 
indicate very little, if any, absorption by water-vapor, and 
those by Campbell at the summit of Mount Whitney show 
no trace of any at all. In fact, if Lowell be right, it is this 
very scarcity of water which has brought about the evidence 
which comes nearest to proving that there are actually living, 
intelligent beings on Mars. Crossing the reddish-orange re- 
gions, which are considered deserts, in all directions is a net- 
work of narrow dusky lines, which their discoverer, Schiapa- 
relli, called canals (channels). They are so narrow and diffi- 
cult to see that it is impossible to assign a color to them, but 
as they connect always with the bluish-green areas or with 
each other, it is probable that their color is the same as that 
of the large dark areas, bluish green, and is due to the same 
cause. They are extremely difficult to see, and many astron- 
omers have not been able to see them at all. Others glimpse 
them as broader and hazier than they are drawn by Schiapa- 
relli and Lowell. Asa result there has been much doubt as 
to the real character of these markings. Lowell does not 
hesitate toexplain them as lines of vegetation along artificial 
watercourses; not the canals themselves, but the irrigated 
regions on either side of the canals. From his studies at 
Flagstaff, Arizona, at all the oppositions of the planet since 
1894, Lowell finds that the ‘‘canals’” vary in visibility with 
the Martian season in such a way as to indicate progressive 
irrigation, as the water flows from the melting polar caps 
toward and even beyond the equator. Certain of the ‘“canals”’ 
run north and.south through the dark areas as well as the 
light ones, into the regions covered in winter by the polar 
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caps. As the cap melts in spring there first appears a blue 
band at its edge. After a time the canals nearest this band 
become visible, then later those nearer the equator, the inte:val 
between the melting of the cap and the appearance of the 
canals being sufficient to allow for the time required, not only 
for the transference of water, but also for the springing up of 
vegetation, after the water has reached the irrigated region. 
The ‘‘canals’’ near the equator on either side have two periods 
of visibility each year, corresponding to the time when the 
water would reach them from the two polar caps at opposite 
seasons of the year. The ‘‘canals’’ as a rule are very straight, 
running on ares of great circles from point to point on the 
globe of Mars. Often several of them meet at a common point, 
and in many cases at the intersection of two or more of them 
there appears a round dark spot, to which Lowell gives the 
name ‘‘oasis.’’ The apparent straightness of the ‘‘canals”’ has 
made astronomers skeptical of their reality, since on the earth 
watercourses, whether real or artificial, are never straight. 
They invariably wind about, following the contour of a level 
or descending line. Either Mars hasa very flat surface or the 
Martians are very wonderful engineers Perhaps both state- 
ments are true. There is no evidence of mountains on the 
planet, for the terminator never has the jagged appearance 
which the mountains produce on the sunrise and sunset lines 
of the moon. Clouds are very rarely conspicuous. I have 
sometimes seen misty patches over the dark areas, as if there 
were very thin clouds or fog there, but never enough to entirely 
obscure the surface of the planet beneath them. 

On the whole we must conclude that life on Mars would not 
be very satisfactory for beings like ourselves. That there may 
be life there, I would not like te deny. There may be intelli- 
gent beings, of a higher order even than ourselves, but of this 
there is no adequate proof. Lowellin the “Conclusion” of his 
book ‘‘Mars and Its Canals,”’ says ‘“‘that Jars is inhabited 
by beings of some sort or other we may consider as certain 
as it is uncertain what those beings may be.’’ With the last 
part of the statement wecan certainly agree. 

The satellites of Mars are so small,—not more than twenty 
or thirty miles in diameter,—that they must ages ago have 
lost all their heat and absorbed their air and water, so they 
are not the places for life. 

Next in order, outward from the sun, we come to the giant 
planet Jupiter, with his retinue of four large satellites and four 
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small ones. The diameter of jupiter is 86,000 miles, eleven 
times that of the earth, but his rotation is so swift that the 
Jovian day is less than ten of our hours. His average density 
is only one-fourth of that of the earth, i.e. a little greater 
than that of water. The surface is diversified by belts of red 
and purple and white running parallel to the equator. These 
do not suggest the appearance of jand and water, but rather 
of cloud-zones, between which we see perhaps portions of the 
real surface. The best evidence we can get goes to show that 
Jupiter has not yet cooled off enough to have a solid surface, 
but that it is still intensely hot and subject to continual 
change. He is asort of semi-sun, giving light and heat to his 
satellites to make up in part for the diminution of light and 
heat of the sun at their great distance. 

Interesting as the astronomical phenomena as seen from 
Jupiter would be; with the eight moons circling about him, 
producing total lunar and solar eclipses every day, we can 
hardly say that the giant planet is fitted for a place of aboce. 
It is possible that on the satellites the conditions may be 
more like those on Mars and the earth, but we can tell very 
little about them. The little we do know points to similarity 
to our own moon, which we have found to be uninhabitable. 

Saturn, the king of the planets, comes next in order, with his 
golden rings and numerous satellites. Surely this would he a 
glorious place to live, with the ten moons of as many different 
sizes and the great arch of meteor rings spanning the heavens. 

Sut we find that Saturn is in much the same condition as 
Jupiter, not yet cooled off. The low density of the planet,— 
less than that of water,—and the brightness of its surface,— 
greater than that which could be produced by the reflected 
light of the sun,—indicate a high temperature. Of the condi- 
tions of the satellites we know almost nothing, Titan, the 
largest, approaches Mars in size, and might, so far as size is 
concerned, be an inhabited world. 

The two outer planets, Uranus and Neptune, are too far from 
the earth to allow us to learn much of their surfaces. Uranus 
has belts like Jupiter. Neptune has no perceptible markings on 
his surface. Both are denser than Jupiter and Saturn and otf 
darker color. There is one argument which seems to be pretty 
conclusive against the habitability of these planets and that is 
the diminution of the sun’s light and heat at such great distances. 
As seen from Neptune, the sun would have only one-thirtieth 
of its present apparent diameter and would give only one nine- 
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hundredth as much light and heat. This would hardly be 
deemed sufficient to maintain life like ours. 

We have omitted the asteroids, of which there are now nearly 
seven hundred known, and more being discovered every month, 
in our discussion of the condition of the planets. As the largest 
of these is not more than four hundred or five hundred miles 
in diameter, it is not probable’ that any of them are warm 
enough, or possess atmosphere enough, to sustain life. 

In the whole solar system, then, we find but one planet, 
Mars, on which the physical conditions seem to be suited to 
life like our own, and even there our constitutions would have 
to be considerably modified. Some of the satellites of Jupiter 
and Saturn may also, perhaps, be habitable, but of the condi- 
tion of these we have almost no positive knowledge. 


Bnt how about the stars? Among the thousands, millions, 
and hundreds of milltons of glittering orbs which the great 
telescopes reveal, are there no inhabited worlds? Wecan say 
of each one of these, which is visible to the eye or which the 
telescope reveals, that it is a sun, an intensely hot, glowing 
body, shining by its own light and therefore not an inhabitable 
world. How many satellites or planets there are, circling in- 
visible around the stars, we can only infer by analogy, and we 
can only infer, again by analogy, that among the myriads of 
these invisible satellites there may be millions of worlds like 
our own. 





A YEAR ON MT. HAMILTON. 


M, YAMASAKI 

When I first had the taste for astronomy I thought how in- 
teresting it would be to spend some months in a large observ- 
atory! Several years elapsed before this dream could be 
realized. Last September I received a letter from Mrs. Aitken 
of the Lick Observatory telling me she had work for me. No 
one can imagine how glad I was with that message. I arrived 
at the mountain top on September 3rd. The ride in an auto- 
mobile stage, 28 miles on the mountain road, was interesting, 
but the things that most impressed me were, of course, the 
magnificent observatory buildings and the thought of the big 
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telescopes. I had somewhat imagined the beauty of the obser- 
ratory through books, but the real view is more than the pen 
‘an write. The scenery of the heavens as well as that of the 
valley and the mountain slopes is wonderful. It was my great- 
est pleasure to spend several hours in the big library of the 
observatory where great collections of astronomical books 
and periodicals are. 

Later, through the courtesy of the gentlemen of the Lick 
Observatory, I was given the privilege of using the six-inch 
refractor. Iam very much ashamed that I have no sufficient 
data of the observations with this instrument. Yet Ido not 
like to leave Mt. Hamilton without a word. I hope it will 
not be entirely void of interest to give the summary of my 
observations. 

The remounting and adjustment of the 6-inch telescope was 
done early in January, 1911, but the weather was very bad 
and I could not make any observations until February 7. It 
was my program to work four evenings of a week, Wednesday, 
Thursday, Friday and Saturday. For sunspot observations 
I used the 2-inch finder, specially arranged with my eyepiece, 
which magnifies about thirty times. Whenever there were 
spots I made drawings. Thirty-three observations with brief 
remarks are given below. 


1911, Jan. 22, No spet. 
Feb. é, No spot. 
18, 3p.M. Three very small spots in west. 


19, 3Pp.M. Same. 
22, 3Pp.m. Nospot. 
March 12, noon, No spot. 
25 2 P.M. No spot. 
April 1, 3Pp.mM. One group in the middle, about seventeen spots; 
one large spot in the eastern limb. 
2, 2p.m. Middle group of April 1, greatly changed, spots 
diminished to 11. Eastern spot of April 1, 
became 3. 
$8, 11 a.m. One large spot in center. 
2p.M. Spot of April 8 came to western limb. 
13, 2pP.m. Same. 
15, 19, 20, No spot. 
22, 2p.m. Three spots appeared in the eastern limb. 
23, 2p.m. Same spots. 
29, 3p.m. Three spots in west, middle one quite large 
30, a Same. 
May 6, 3p.m. One group of six spots in the west. 
25, 2p.m. One spot in the eastern limb. 
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27, 10a.m. Spot of May 25 became group of six spots, one 
quite large. 
28, 1p.m. Three spots in east, one quite large. 
June , 3P.M. Two spots in west, one quite large. 
PLN 


Three spots in west. 


2Pp.M. One large spot in western limb. 
Zi, 26, No spot. 


3p.M. Three very small spots in east. 


~) 


t 


3, 11a.M. One small spot in east. 


t 


t 


9, 30, July 7, No spot. 


I have also observed Venus, the Moon, Jupiter and variable 
stars. I have made thirty-four drawings of Jupiter. Six, some- 
times seven, belts were discernible; detail could not be obtained 
but general features were about the same throughout. The 
variable star observations are very interesting to me. I used 
an opera-glass for the observations of variable stars brighter 
than sixth magnitude, and the telescope for fainter stars. The 
total observations with the opera-glass from September 21, 
1910 to July 21, 1911 for seventeen variables are 740 and with 
the telescope from March 25, 1911 to July 30 for sixteen vari- 
ables are 160. Most of the telescopic variables are recent dis- 
coveries and their elements are not yet known. My observa- 
tions are not sufficient to make any computation for the possi- 
ble elements. 

The most interesting observing I have done is in stellar 
spectroscopy. This will probably be of some interest to fellow 
amateurs. 

Some time ago I bought a Zéllver Star Spectroscope from 
the John Browning Co, London. It is only 17% long, having 
three prisms and a cylindrical lens to widen the spectrum. The 
use of this spectroscope is very simple. It is screwed to the 
eyepiece of the telescope. I used this instrument on the 6” 
telescope and observed the different spectra of many stars. 

Sirius shows four broad hydrogen lines, ¢, «, 8 Ursae Majoris, 
B Leonis, etc., show two hydrogen lines. Aldebaran, Capella, 
Arcturus, y Draconis etc., show several prominent lines of the 
solar spectrum. y Cassiopeiae presents a bright line in the red. 
a Orionis and a Herculis are by far the most beautiful objects 
with this spectroscope. Their spectra show several dark 
bands which shade from the blue towards the red; that is, they 
are sharply defined and darkest at the more refrangible edge. 
Antares has many lines and faint dark bands, somewhat re- 
sembling those of a Orionis. 











496 A Year on Mt. Hamilton 





I observed the spectrum of the variable star o Ceti on the 
morning of July 23. My estimate of its magnitude at this 
time was 3.78. Its spectrum looks very much like that of 
a Herculis, with seven dark bands. 

I observed the solar spectrum of Venus when its phase was 
a mere point of light, with a low power eyepiece. Figure 1 
indicates the typical spectra of the stars above mentioned. 
This spectroscope, if care is taken, is good enough for a three- 
inch telescope and upward. 


$100!50 0 -SANIS 


uologemy 





FIGURE 1. 


The use of the miniature, direct vision spectroscope which 
I bought at the same time, is not very easy for stellar spec- 
troscopy unless the telescope is driven by clockwork. Figure 
2 shows the diagram of the adjustment I have used. Spec- 
troscope S is put into a wooden frame F, which is put upon 
the eye end of the telescope. The slit is close to the eyepiece. 
In using this instrument, first, get the object into the center of 
the field of view and then slide the frame work upon the eye 
end. I did not find any difference with or without the eyepiece 
excepting in the case of the Moon observation. In this case, 
the eyepiece must be taken off; otherwise, the definition is poor. 

By this means I observed the spectrum of Jupiter. Three 
lines were detected: one broad line in the red, two faint lines 
in the green. The one in the red is not identical with the solar 
line. This is one of the lines peculiar to the spectra of the 
major planets. On the morning of July 23, I observed the 


=O, 


spectrum of Kiess’ comet with it. I saw two bright bands. 
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I thought I saw three bands but was not very sure. On the 
morning of July 30, I again observed the comet spectrum, 
This time I saw three bands, the middle one the brightest. 
The spectrum of a comet is a comparatively easy one to ob- 
serve. In the English Mechanic No. 2340, 1910, Mr. Frank C. 
Dennett of England wrote: 


\ 





Fig 2 
“My best vision of a cometary spectrum was obtained in a 
novel manner. When in 1881 two comets were visible in the 
northern circumpolar heavens, I had no telescope rigged up for 


use. I had the metal mirror of a Gregorian 514-inch diameter 
by me, belonging to Mr. Calver. Fortunately, my bedroom 
window had a northern aspect. The large mirror was set on 
the bed in such a way that it sent back the comet’s light at a 
small angle. The focal image was caused to fall on the slit 
plate of a Browning miniature, and the three band spectrum 
was easily seen.” 

I have also observed the spectra of nebulae. In the constella- 
tion of Draco, very close to the pole of ecliptic, there is a very 
small, bright planetary nebula. This is the one that, first, in 
August, 1864, unveiled its mystery to the star spectroscope of 
the late Sir William Huggins. I turned my spectroscope to it 
and saw one bright line. The Zéllner spectroscope also 
showed the line. The ring nebula of Lyra has revealed to me 
a bright line also. 

The maker’s price of the Zéllner spectroscope is 1£ 17s 6d. 
So [ think it is quite in easy reach of many amateurs wishing 
to see the different and beautiful spectra of the stars. 

Thus a year on Mt. Hamilton was very interesting to me. 
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I have had the most enjoyable time I have ever experienced in 
my sojourn on the American soil. My future astronomical ob- 
servation, if my plan is realized, will be done in my little 
observatory in my native place. A year or so will be devoted 
to this purpose and I hope my idea will be realized. 

I take this opportunity to express my sincere thanks for the 
kindness of Dr. Campbell, Dr. Aitken, Dr. Curtis and other 
gentlemen of the Lick Observatory, and Dr. H.C. Wilson of 
Carleton College whose kindness impressed me also while he 
was in the Lick Observatory. 

August 1, 1911. 





THE CONJUNCTION OF MARS AND SATURN 
1911 AUGUST 16. 





E. E. BARNARD. 





Conjunctions of Mars and Saturn are not very rare. They 
must occur about every two years. A close conjunction, how- 
ever, is quite rare, especially one that happens when the ob- 
jects are well placed for observation. Though the conjunction 
of 1911 August 16 was not a specially close one (distance 21’) 
it was sufficiently close to make it very interesting, especially 
because, through a fortunate combination of circumstances, 
our moon was also in conjunction with the two planets, thus 
making a beautiful and impressive picture. (See Frontispiece.) 

The planets and the moon rose here ina good sky but they 
were soon obscured by light fleecy clouds that did not clear 
away until near daylight, when the sky became beautifully 
clear. The planets were frequently seen, however, through 
breaks in the clouds, at which times they shone, apparently, 
with a greater splendor than on a clear moonless sky. Per- 
haps this was due to the absence of other stars and to the 
framing of clouds. I have always remarked that the brighter 
stars generally appear more noticeable on a moonlit sky. This 
is doubtless due to their apparent isolation by the blotting 
out of the many smaller stars with the light of the moon. 

Though not of any special value from a scientific standpoint, 
it was thought well to preserve a photographic record of this 
conjunction. Exposures were therefore made with the six-inch 
and ten-inch lenses of the Bruce telescope. A reproduction of 
one of these photographs made with the six-inch lens and 
somewhat enlarged is given with this paper. The original 
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negative was a Seed 30 plate. The exposure of twenty sec- 
onds duration, was made when a small patch of cloud was 
over the moon, which acted as a screen and reduced its bright- 
ness, the two planets being seen on a clear part of the sky. 
Mars appeared about 4% magnitude brighter than Saturn to 
the eye. On the photograph Saturn is slightly the brighter, 
since its photographic light was greater than that of Mars. 
Mars is the upper one of the two—nearest the moon. The 
picture was made about one hour after the nearest approach 
of the two planets. 

To my surprise several of the exposures with the ten-inch 
lens, which were made on Seed 27 plates clearly show the dark 
part of the moon, with the details of the surface strongly 
marked. The moon lacked nearly seven days of being new 
and the shortest exposure was twenty seconds. With this ex- 
posure the earthlit part is conspicuous. 

At this apparition of Mars—as in previous oppositions—one 
is struck with the absence of red in the planet. It is of a beau- 
tiful vivid golden color. The absence of any decided red is very 
marked. At greater distances however, when the planet is 
less bright, it appears redder because of the general dulling of 
its light, which seems to destroy the beautiful golden color. 

The present was the closest conjunction of Mars and Saturn 
since that of 1889 September 19, when they were less than one 
minute apart. It was also a very favorable one for the north- 
ern hemisphere because the planets were 15° north of the 
equator and were sufficiently far from the sun to be seen at 
a high altitude. 


Conjunctions of Mars and Saturn 


Date Dist 
1889 Sept. 19 0 1 
1891 Oct. 12 O 52 


1893 Oct. 31 


1 36 
1895 Nov. 16 1 59 
1897 Nov. 27 2 2 
1899 Dec. 6 1 18 
1901 Dec. 13 1 19 
1903 Dec. 20 0 33 
1905 Dec. 25 0 30 
1907 Dec. 30 1 50 
1909 Dec. 3 3 12 
1911 Aug. 16 0 21 
1913 Aug. 24 1 g 


The foregoing, which may be of interest, is a list of the times 
of conjunction of Mars and Saturn from 1889 to 1913 and the 
apparent distances between the planets, as collected from the 
American Ephemeris. 
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Of these the closest approach (and the closest on record, ap- 
parently) was that of 1889 September 19, 

Inthe Monthly Notices of the Royal Astronomical Society 
for June 1889 (Vol. xlix p. 424) Mr. A. Marth in writing of the 
then approaching close conjunction (September 19) of Mars 
and Saturn says: 

“The tabular places of the two planets give the nearest geo- 
centric approach of their centers 54’.8 at 20" 7" Greenwich 
mean time, so that the conjunction will bea closer one than 
that of June 30, 1879, when the shortest distance between 
the nearest limbs was 74”, according to the Melbourne obscr- 
rations, Monthly Notices, vol. xl. p.30. The next close con- 
junction preceding that of 1879 took place on April 18, 1817, 
but was not observable at any then existing observatory, and 
of any previous close conjunction there is at least no record.” 

At the conjunction of 1879 both Mr. Ellery and Mr. White at 
Melbourne repeatedly measured the distance between the plan- 
ets while they were approaching and until they were separst- 
ing. Mr. White’s measures at 17" 12™ 55° Melbourne M.T. 
showed that the distance between the centers of the planets 
was 86.4. Unfortunately neither observer gives any record 
of the naked eye appearance of the planets—as to whether 
they were separately seen or not at the closest approach. 

The only observations (besides those made by myself) that I 
have been able to find of the very close conjunction of 1889 
September 19 were those made in England by Major S. H. 
Maxwell, and by Mr. E. W. Maunder who observed at Grecn- 
wich (M.N. Vol. L. pp. 34 to 36.) In these observations the 
planets were lost in daylight several hours before the closest 
approach. The shortest distance measured by Major Maxwell 
was 122”.5 at 18" 41" 36° G.M.T. while that of Mr. Maunder 
was Aa (Mars—Saturn)—9*.65 and A8— 1’ 47.6 at 17" 59” 4 
G.M.T. Nothing is said of the appearance of the two plancts 
with the naked eye. According to Mr. Marth the nearest ap- 
proach was at 20" 7"G.M.T. Theclosest approach (14° 59" 
Washington M.T.) could have been observed in the eastern part 
of the United States, but I have been unable to find any record 
anywhere of such observations. The failure to observe these 
planets at that time was a great pity, because the naked eve 
observations alone would have been of the greatest value, for 
Mars and Saturn perhaps appeared as one at the closest ap- 
proach and a record of the times when they ceased to be dis- 
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tinctly separate or again became separate would have been of 
great value in interpreting records of this kind made _ before 
the invention of the telescope 
When the planets rose at the Lick Observatory on 1889 Sep- 

tember 19 they were well separated to the eye. The position 
angle and distance of the two were repeatedly measured. 
They were then separating rapidly and at 16" 34™ 19° Mount 
Hamilton mean time the distance between their centers was 
358”.8 or a little less than six minutes of arc. (Publications of 
the Astronomical Society of the Pacific Vol 1. p. 82.) 

Yerkes Observatory, 

Williams Bay, Wis. Sept. 13, 1911. 





PLANET NOTES FOR NOVEMBER, 1911. 


C. H. GINGRICH 





The sun will move from 14° 10’ south latitude on November i to 21° 31’ 


south latitude on November 30. It will consequently rise and set farther 
south each succeeding day, and in the northern hemisphere the days will 
become shorter. The sun will also move east through the constellation Libra 
and into Scorpio, and at the end of the month it will be almost exactly north 


of and only a few degrees away from the bright star Antares, which will then 
be invisible because of the proximity of the sui 


The phases of the moon for this month are as follows 


Full Moon Nov. 6 
Last Quarter ~ Bo 
New Moon ° 20 
First Quarter 29 
The moon will reach its period nearest the earth on November &, and 


will be farthest from the earth on November 24 

Mercury at the beginning of the month will be very near to the sun 
being only about 1.4° east. It will move eastward more rapidly than the sun 
during the month, and by November 30 it will be approximately 20° east of 
the sun. At this date it will be a few degrees south of the sun and will be 
visible low in the south west immediately after sunset. 


Venus will move south during the month, crossing the ecliptic on Novem- 


ber 6. It will be considerably west and north of the sun throughout the 
month and will be a bright object in the eastern sky before sunris¢ It will 
reach its greatest distance west of the sun on November 25, on which date 
it will be approximately three hours from the sun. It will be moving away 


from the earth and will be becoming less brilliant 

Mars will be especially interesting during this month because of its near 
approach to the earth. It will reach its nearest point on November 17, 
At this time it will be less than fifty million miles from the earth. It will be 


1 


in opposition on November 24, that is, on this date the sun, earth and Mars, 
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except for the inclination of the orbits of the earth and Mars, will be in the 
same straight line, the earth being between the other two. It will therefore 
be ina very favorable position for study this month, and will rise at or near 
the time of sunset and be visible throughout the night. 


S0OZ1ton Rivon 





SOUTH HORIZON 


THE CONSTELLATIONS AT 9:00 P. M. NOVEMBER 1, 1911. 


Jupiter will be so near to the sun as to be invisible during this month. 
It will be in conjunction on November 18, that is, on this date it will be 
directly behind the sun from the earth except for a slight difference in declina- 
tion, Jupiter being a very little north of the sun. This phenomenon cannot 
be observed because of the great brightness of the sun. Jupiter will of course, 
be a very great distance beyond the Sun. 

Saturn will be in opposition to the sun on November 9. It will conse- 
quently be above the horizon nearly all night during the month and will be 


WEST HORIZ0B 








Planet Notes 503 


perhaps the most interesting object in the sky to 
will be about eight times as far away from the 
is on the other. 


look at. On this date it 
Earth on one side as the sun 


Uranus will be moving eastward slowly between Sagittarius and Capri- 
cornus. It will be a few hours east of the sun and will be visible in the south 
west shortly after sunset. 


Neptune will be moving slowly westward in the constellation Gemini. 








It 

will be visible in the morning. It will rise a little before midnight 

Occultations visible at Washington. 

IMMERSION EMERSION. 
Date Star’s Magni- Washing- Angle W ashing- Angle Dura- 
1911 Name tude. ton M.T. f'm N ton M.T f'mN tion 
h m h m ° h m 
Oct. 2 86 BCapricorni 6.2 9 56 110 10 47 192 oO 51 
3 145 B Capricorni 6.1 9 43 60 11 03 232 1 20 
5 wy? Aquarii 4.6 8 24 351 8 5S 298 0 35 
7 e Piscium 5.6 Aa ta 67 18 14 240 0 57 
9 29 Arietis 6. 5 56 38 6 40 271 0 43 
9 7 Arietis §.2 15 04 26 16 06 277 1 02 
9 p Arietis 5.6 18 46 59 19 2 267 0 56 
10 14H’ Tauri 6.5 10 03 125 10 30 178 0 28 
10 133 B Tauri 5.9 16 13 115 17 13 209 0 55 
12 136 Tauri 4.6 14 24 78 15 43 262 1 19 
12 415 B Tauri 6.1 18 40 117 19 48 1 O7 
14 w! Cancri 6.0 14 24 169 43 0 19 
29 40 BCapricorni 6.2 9 14 99 10 11 0 S87 
30° 33 Capricorni 5.3 10 33 1 11 O9 Q@ 36 
3 161 BCapricorni 6.4 2 26 30 3 18 O 52 
Nov. 4 263 B Piscium 6.4 11 43 75 12 52 1 O9 
7 62 Tauri 6.1 13 38 133 14 16 0 38 
9 49 Aurigae 5.1 2 s2 16 13 19 0 27 
12 57 B Leonis 6.5 14 21 58 15 O04 0 44 
27 154 BCapricorni 6.1 a: 55 8 36 1 16 
29 ¥* Aquarii 4.6 2 32 351 2 56 0 23 





The Rotation of Venus,—The following is a translation of a note by 
M. Bigourdan in the Comptes Rendus of July 3, relative toa recent determin 
ation of the period of rotation of Venus, by means of the displacement of lines 
of the spectrum:— 

In 1900 M. Belopolsky had found that the length of this rotation (of Venus 
on her axis) is short, alittle more than a day. This conclusion being in contra- 
diction with that which Mr. Slipher had arrived at in 1903, the question re 
mained in suspense. M. Belopolsky has continued his researches upon the 


same subject, and his results of 1903, 1908 and 1911 have confirmed those 


He has moreover, verified his instrument by 
means of Mars, the duration of whose rotation is known, and he found for 
its equatorial velocity 0.354 per second instead of 0.254 km. 


that he had obtained previously. 


The value found 
for Venus, 0.38 km., corresponds to a period of rotation 1.44 days (The 


Observatory August 1911.) 





Annular Eclipse of the Sun.—An annular eclipse of the sun will take 
place on October 21 but will not be visible in America. The path of the annulus 
will cross from the Aral Sea over the south central part of Asia, between Borneo 
and the Phillipine Islands, across New Guinea, to a point in the Pacific Ocean 
northeast of Australia (For chart see the January 1911 number of PopuLar 
ASTRONOMY). 


The greatest duration of the annular phase will be 3™ 52°. 
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VARIABLE STARS. 





Approximate Magnitudes of Variable Stars on Sept. 1, 1911. 
[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 





Name. R.A. Decl. Magn. Name, R.A. Decl. Magn 
1900. 1900 1900. 1900. 
h m ” i h m 3 f 

X Androm. O 10.8 +46 27 9.8 R Ophiuchi 17 2.0 —15 58 <11 
T Cassiop. 17.8 +55 14 8&8 Z Ophiuchi 14.56 +1 37 8.81 
W Cassiop. 49.0 +58 1 11.9d T Herculis 18 5.3 +31 0 8.5i 
U Androm. 1 9.8 +40 11 <13 W Draconis 5.4 +65 56 11.57 
— Androm. 10.4 +41 12 <13 X Draconis 6.8 +66 8 10.37 
SCassiop. « 12.3 +72 5 <11 W Lyrae 11.5 +36 38 <10 
RU Androm. 32.8 +38 10 <12 SV Draconis 31.2 +49 18 <12 
Y Androm. 33.7 +38 50 9.5 RYLyrae 41.2 434 34 911 
RR Persei 21.7 +50 49 11.5d Z Lyrae 56.0 +34 49 9.7 
W Persei 43.2 +56 34 9.0 V Lyrae 19 3.2 +20 30 <12 
X Camelop. 4 32.6 +474 56 9.1d U Lyrae 16.6 +37 42 10.3 
VCamelop. 5 49.4 +74 30 10.0 x Cygni 46.7 +32 40 4.7 
R Urs. Maj. 10 37.6 +69 18 <11 RSCygni 20 9.8 +38 28 7.6 
T Urs. Maj. 12 31.8 +60 2  8.9d R Delphini 10.1 + 8 47 9.8d 
S Urs. Maj. 39.6 +61 38 8.57 V Sagittae 15.8 20 47 12.0 
RCan.Ven. 13 44.6 +440 2 7.17 U Cygni 16.5 hig | 36 <ti 
U Urs. Min. 14 15.1 +67 15 8.8d T Aquarii 44.7 — 31 <10 
S BoGtis 19.5 +54 16 12.0d RV ulpeculae 59.9 4.2: 3 26 <10 
R Camelop. 25.1 +84 17 <11 T Cephe ‘1 Zi 8.2 +68 5 6.6 
R BoGtis 32.8 +27 10 7.17 R Equulei 8.4 +12 23 10.1d 
S$ Cor. Bor. 15 17.3 +31 44 11.0d S Cephei 36.5 +78 10 <11 
R Cor. Bor. 44.4 +28 28 <11 SAquarii 22 51.8 —20 53 <10 
X Cor. Bor. 45.2 +36 35 <12 RPegasi 23 16 +19 O <10 
U Serpentis 16 2.5 +10 12 9.67 V Cassiop. 7.4 +59 8 11.0d 
RU Herculis 6.0 + 20 10.9d —Andrem. 33.8 +35 18 9.7 
W Cor. Bor. 11.8 +38 3 12.1d R Aquarii 38.6 —15 50 8.5 
R Draconis 32.4 +66 58 8.1d Z Cassiop. 39.7 +56 2 <13 
S Herculis 47.4 -+15 7 11.3d R Cassiop. 53.8 +50 50 10.6d 
RV Herculis 56.8 +31 22 1027 


The letter 7 denotes that the light is increasing; the letter d, that the light 
is decreasing; the sign <, that the variable is fainter than the appended mag- 
nitude. The above magnitudes have been compiled at the Harvard College 
Observatory from observations made at the Amherst, Olcott, and Jacobs, 
Observatories. 





Minima of Variable Stars of the Algol Type. 
£ J 





[Given to the nearest hour in Greenwich Mean Time beginning with noon. To reduce to 
Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours, etc. For 
stars marked thus * alternate minima are given; ** every third aiaieeuan 2 tevery 
tenth minimum.] 


SY Androm., RY Persei *ST Persei **RT Persei \ Tauri 
d h . d h P d h . d h d h 

Nov. 26 9 Nov. 1 & Nov. 4 16 Nov. 2 22 Nov. 3 12 
*U Cephei 15 2 9 23 5 il a i 
Nov. i! 14 28 19 15 6 8 O 11 10 
. 20 13 10 i3 15 8 

6 14 **RZ Cassiop. 295 20 13. 2 19 7 

11 14 Nov. 2 3 So age _. = 2 

16 13 5 i7 RX Cephei 15 15 236 

21 13 9 7 Nov. 12 3 = 2 27 5 

2e 1: ¢ Baer oe 20 18 ; 
Oe 12 21 _ *8 Persei a. % *RW Tauri 
ehedneae 16 12 Nov. 1 13 — toe © F 

Nov. \3 rf 20 y 7 7 25 20 8S 20 
9 10 23 16 1301 28 9 14 9 

15 i2 aa 6 8 18 30. 22 19 22 

21 15 30 20 24 12 i 95 11 

27 18 30 7 
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Minima of Variable Stars of the Algol Type.—Continued 


*RV Persei 


d h 
Nov. 4 21 


8 20 

12 18 

16 17 

20 16 

24 15 

28 13 

kW Persei 
Nov. 3 23 
17 4. 

30 9 
RS Cephei 
Nov. 10 6 
22 16 

*RY Aurigae 
Nov. 2 @ 
S ii 

ls 22 

19 y 

24 2U 

50 ‘ 

*RZ Aurige 
Nov 5 Ss 
11 +S 

17 10 

23 i1 

29 11 


51.1908 Gemin. 


Nov. 2 16 
6 16 

iv 16 

14 16 

1S 16 

22 16 

2G it 

30 17 

*RW Gemin. 
Nov 1 20 
7 14 

13 7 

19 1 

e+ 18 

30 12 

*U Columbz 
Nov. 6 0 
Li 646 

LZ 5 

22 19 

28 10 

*RW Monoc. 
Nov 3 16 
e 43 

11 | 

15 2 

18 32 

22 17 

26 13 

30 8 


RX Gemin. 


Nov S it 
1) 99 


**RU Monoc 


d h 


Nov. 1 8 
4 0 
S iz 
9 9 
12 4 
14 18 
iz is 
20) 3 
22 20 

25 12 
28 s) 
30 21 


**R Canis Maj. 


Nov. 4 6 


8 O 
11 2 
14 12 
is 2 
21 7 
24 #17 
28 3 


RY Gemin 
Nov 4 cf 
13 14 

ae se 

*Y Camelop. 
Nov 3 4 


9 17 

16 10 

23 O 

29 15 

RR Puppis 
Nov 1 22 
8 8 

14 19 

21 5 

2i 15 


**V Puppis 


Nov 2 << 
11 15 
16 0 
An) 9 
24 18 
OY ) 


‘+X Carine 
Nob 6 S 


11 18 
17 1 
22 14 
28 (0 


S Cancri 


Nov 2 19 
12 7 

21 19 

S Velorum 
Nov. 5 18 
11 16 

17 14 

23 13 

29 it 


**VY Leonis 


Nov. 1 17 
6 19 
11 20 
16 21 
21 23 
27 O 
**RR Velorum 
Nov. 3 O 
8S 14 
14 3 
18 17 
25 6 
30 20 


*SS Carinae 


Nov 1 12 


8 3 
14 17 
21 S 
2i 2a 


RW Urs. Maj 


Nov » 14 
ie ge 
20 6 
27 14 


**Z Draconis 


Nov 3 6 


11 9 

15 11 

19 13 

23 15 

27 #16 

*SS Centauri 
Nov 1 15 
6 14 

ii i8 

io as 

2: 6 ORG 

*6 Libra 
Nov i 4&7 
6 Q 

11 0 

15 16 

2) RQ 

4 23 

29 15 

*U Corona 
Nov 3 2 
2 2e 

16 21 

23 19 

30 16 


*SW Ophiuchi 


Nov. 1 18 
6 16 
11 13 
16 10 
21 8 


oC 
a0 ) 


*SXOphiuchi *RS Sagittarii 


d I . d h 
Nov 3 8 Nov. 3 6:18 
7 11 8S 14 
11 14 is &0 
iS. 27 18 6 
19 20 23 2 
23 23 ai Ze 
Q 9 


Serpentis 
2 


Nov. o 5S 


Nov 3 5 10 6 
7 15 li 4 
12 1 2+ i 
16 12 30 23 
04 = *#RZ Draconis 
— Nov 5 20 
5 18 11 Q 
**U Ophiuchi — <0 
2 e@ 
Nov 1 14 pte 2] 
t 3 i 
G ip Bz 


Nc 


Herculis 
Pe oO Nov. 1 


9” 


fz 46 14 
i4 } 7 5 
i 16 o> 29 
19 5 12 14 
21 17 15 6 
<t 6 iz 22 
26 18 20 14 
79 6 2 E 
25 22 
SZ Herculis 8 14 
\ 1 18 2 
} 5 *SX Sagittarii 
6 16 Nov. 5 3 
+ ] Be | 9 7 
11 14 13 11 
14 1 17 14 
6 12 21 18 
18 23 25 22 
21 620 30 1 
23 20 
26 - *RR Draconis 
DR 18 Nov } 8 
10 0 
“Le He C ilis 15 16 
2 O el 5 
2 i O 
2 0) 
0 on **U Scuti 
13 <3 Nov 1 15 
ig 22 t 11 
21 23 7 Py 
<0 2a 10 - 
7 13 9 
SX Draconis 15 22 
- 18 19 
se ee 21 16 
10 10 24 13 
1S 15 27 9 
20 19 30) 6 


<0 “ 
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Minima of Variable Stars of the Algol Type.—Continued. 


*RYX Dr- : *Z Vulpec. VW Cygni RR Vulpec. WZ Cygni 
RX Draconis a: h d 78 a E h ad ~ oh 


9 Nov. S 21 Nov. 1 20 Nov. 2 15 


lov 6 Nov. “ 

2% 7 6 17 8 ‘a 
11 20 12 4 25 18 11 23 » aa ae 
= 15 17 2 17 0 Nov. 
es - 22 0 *UW Cygni 22 #1 7 11 
23 «5 26 22 Nov. 4 1 a re - 
a7 ( : 10 23 “UY Cyoni v 15 
24 “ SY Cygni 17 20 nN 7" oo 22 16 
30 19 Nae 6 17 : Nov. 3 27 18 

*RV Lyre" 10 47 24 18 7 19 
lov. 21 2-5 ‘ 

Nov. 2 14 18 17 W Delphini “ a “TT Androm. 
9 19 94 17 . s i ) Nov. 3 4 
16 2% Nov. 5 16 91 2 817 
24 4 oad 10 11 25 12 14 6 

1 5 > ‘ “ne 

16.1908 Vulpec. *WW Cygn = 2 OR  - 19 18 

Nov. 2 19 Nov. 2 12 24 21 oe = 
11 18 as a 29 17 Cygni ° 20 
b 61S 5 19 Nor. 1 19 21 9! 
16 6 22 10 RR Delphini 4 16 R er on 
20 as 29 1 Nov. 1 10 uno is 
a aie Dee 6 1 10 12 8 7 
29 16 SW Cygni 10 15 13 10 12 10 

*U Sagittae Nov. 5 6 oe 16 8 16 13 

Nov. 3 17 9 20 on pi m9 5 a “— 
10 11 14 9 19 20 22 3 . 6 
17. 6 18 23 24 10 25 1 24 18 
24 0 aa. te 29 O ait 0COUa8 28 21 
30 18 28 3 30 20 





Maxima of Variable Stars of Short Period not of the Algol Type. 





Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 
the names of the stars. 





SY Cassiop. SU Cassiop. SX Aurigae RZ Gemin. 6 Gemin. 
d h d h a h d h d t 
Nov. 3 12 Nov. 22 0 Nov. 14 21 |) (i 7 | (5 9) 
=i > 44 23 22 16 190 Nov. 3 6 Nov. 1 10 
11 11 25 21 17 23 ie 11 14 
» 97 9 19 11 a 7 21 18 
15 17 27 20 
19 19 29 19 21 0 > 
03 91 SV Persei 22 13 25 om RU Camelop. 
a9 99 Nov. 3 2 24 2 30 20 (—9 12) 
27 22 Nov. 3 2 I iin 1 
: = 25 15 tt Me, 
RY Cassiop 14 o nies 3 RS Orionis ; 
: (—5 19) . 25 8 = re —2 0) V Carine 
Nov. 15 12 RX Aurigz =O 16 Nov 5 20 ian a 
30 7 (—4 0) ‘ 5 ; o + re a a 
en te ‘Nov. > SY Aurig: 18 10 Nov. 4 3 
SU Cassiop. <a ee 20 23 10 20 
(—0 22) 20 22 Nov. 2 20 28 12 17 12 
Nov. 2 12 SX Auriga 12 23 24 5 
4 11 Nov. 1 2 23 2 T Monoc. 
6 9 2 16 Y Aurigae (—9 23) T Velorum 
8 8 4 4 (—O 18) Nov. 17 1 (—1 10) 
20 «67 5 17 Nov. 4 6 Nov. 5 12 
10 «C66 7 ¢ & 2 W Gemin. 10 4 
14 3 8 18 11 23 (—-2 2) 14 19 
16 3 10 67 15 20 Nov. 4 20 19 10 
18 < 11 20 19 16 12 18 24 2 
20 1 13 9 27 10 28 14 28 17 
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Maxima of Variable Stars of Short Period not of the Algol Type. 


W Carine 
d b 


(—1 0) 
Nov. 7 20 
12 5 
16 14 
20 23 
25 8 
29 16 
S Museze 
(—3 11) 
Nov. 4 21 
14 12 
24 4 
T Crucis 
(—2 2) 
Nov. 2 16 
9 9 
16 3 
22 21 
29 14 
R Crucis 
(—1 10) 
Nov. 2 15 
8 10 
14 6 
20 2 
25 22 
S Crucis 
(—1 12) 
Nov. 5 7 
10 8) 
14 17 
19 9 
24 2 
28 18 
RZ Centauri 
Nov. 1 6 
2 4 
3 3 
4 1 
5 O 
§ 22 
6 21 
4 19 
8 18 
9 16 
10 15 
11 13 
12 12 
13 10 
14 9 
15 7 
16 6 
17 4 
18 3 
19 1 
20 0 
20 22 
21 21 


RZ Centauri 
d h 


Nov. 22 19 

2 18 

24 16 

25 15 

26 13 

ai 122 

28 10 

29 9 

30 7 

W Virginis 
(—8 5) 

Nov. i6 15 
V Centauri 
(—1 11) 

Nov. 2 18 

8 6 

13 18 

19 6 

24 18 

30 5 
R Triang. Austr. 

(—1 0) 

Nov. 2 

5 12 

8 21 

ia ¢ 

16 16 

19 1 

az 10 

25 20 

29 5 


) 
S Triang.Austr. 


Nov. 1 2 
7 10 

13 18 

20 1 

26 9 

S Norm 

(—4 10) 
Nov. 8 19 
18 13 

28 8 

RV Scorpii 
(~-1 10) 
Nov. 1 S 
7 9 

13 ii 

19 12 

25 14 


RV Ophiuchi 
Minimum 


Nov. 3 
7 

10 

14 

i8 

21 

25 


29 


8 
Q 
17 
9 
2 
18 
11 
3 


Continued. 


X Sagitt 


: 5 5 
12 6 
19 6 
26 6 

Y Ophiuchi 

(— 6 5) 
2 & 
19 i1 


(—3 O) 
11 12 
19 3 
26 17 


Y Sagittarii 
(- 2 


Nov. 2 6 
& 1 

13 19 

19 14 

25 8 
U Sagittarii 
(—2 23) 
Nov. 5 4 
sa 22 

18 16 

25 9 

B Lyre 

( 3 7) 

in} ¥%) 
Nov. § 15 
12 be 

8 13 

25 5 


k Pavonis 


Novy. 


Noy. 


( i ; 
o 2a 
16 0 
25 a 
U Aquilz 
(— 2 4) 
= is 
9 12 
16 13 
23 14 
30 14 


Nov. 


U Vulpec 
(—2 383) 
6 10 
14 9 
22 9 
30 8 


aril 


SU Cygni 
( 1 7) 
Nov. 3 10 
7 6 

11 2 
14 23 
18 19 
22 15 
26 12 
30 ~ 
Aquilae 
a; @ 

14 12 
a. 7 
28 21 


S Sagittae 


( 7 10) 

Nov 4 2 
12 11 

20 20 

29 5 


X Vulpec. 
2 1 


Noy 6 4 
12 1 
18 19 

V Vulpec 
Minimum 
Nov 18 1 
X Cyegni 
i=—G§ 19 
No 9 9 
25 19 

| Vulpec 

( 1 1 
Noy > 4) 
9 11 
13 21 
18 bed 
22 18 
TX Cygni 
Nov. 13 422 
25 15 
VY ¢ Veni 
( 2 14 
Nov 8 14 
16 11 
24 8 
VZ Cygni 
( 1 1) 
Nov. 1 22 
6 19 
11 16 
16 12 
21 9 
26 6 


Y Lacertag 
(—1 10) 
Nov. 4 22 
9 6 

13 14 

iz 2 

22 5 

26 13 

30 21 

5 Cephei 

Nov. 2 14 
4“ 23 

13 ~ 

18 17 

2 1 

29 10 
Z Lacertae 
Nov 4 20) 
158 17 

26 14 

RR Lacertae 
Nov. 4 2 
10 13 

16 23 

23 g 

29 19 
V Lacertae 

( 1 10) 
Nov. 1 11 
6 11 

11 10 

16 10 

21 9 

26 9 


sacertae 


Novy. 3 19 
9 6 
14 19 
20 3 
25 14 
30 25 
SW Cassiop. 
Nov. 5 19 
11 6 
16 16 
22 2 
2% 13 
RS Cassiop. 
( 1 19) 
Nov. 6 12 
12 19 
19 2 
25 10 
RY Cassiop. 
( 7 10) 
Nov § 22 
18 2 
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Two New Variables 36 and 37 1911.—In A. N. 4516 attention is 


called to two short period variables discovered at the Transvaal Observa tory. 
Their positions are 


36.1911 Librae a= 14" 20™ 268.5 6 =—20° 57’.6 (1875.0) 
37.1911 Librae 14 51 42 .8 —14 41.3 (1855.0) 


The first was discovered by R.T.A. Innes and on three photographic plates 
varies between magnitudes twelve and fourteen. The period is about five hours, 
the rise to maximum being steep and the descent slow. 


The second was discovered by H.E. Wood and on five plates varies between 
11 and 15.5 magnitude. 





New Variable Stars 38-41 1911.—These are announced in A.N. 4519 
by Mr. P. Guthnick of Berlin. They are all short period variables with small 
amplitude of variation. The ordinary amateur observer can probably do 
nothing with them. Their positions for 1900.0 are as follows: 


a 6 B.D.Mag. 
h m 8 , 
38.1911 Cassiopeiae 1 O04 57 + 63 40.3 6.0 
39.1911 Comae 13 30 40 +23 19.0 1.5 
40.1911 Herculis 18 50 14 + 20 29.3 6.5 
41.1911 Canum Ven. 13 03 38 +39 16.6 7.8 


38.1911 Cassiopeiae is about 49’ south of 32 Cassiopeiae and is very sim- 
ilar to the latter in its variation. The amplitude of variation is about 0.3 
magnitude and the period about one day. 

39.1911 Comae varies between magnitudes 8.0 and 8.3 in a period of 31 
days. The variation is of the 6-Cephei type, the interval from minimum to 
maximum being twelve days. A maximum occurred 1911 July 17. 

40.1911 Herculis has a period of about 5.25 days, the range being between 
magnitudes 6.95 and 7.2. The light curve is very nearly symmetrical. 

41.1911 Canum venaticorum is the brighter component of the double star 
21723. The distance between the components is 6.7. The range of varia- 
tion is between magnitudes 8.0 and 8.3, in a short period, which is as yet 
not determined. 





COMET NOTES. 





A Swift-moving Cometary Object.—In A.N. 4517 Mr. J. Franz of 
Breslau states that on July 22, 1911, while searching for Kiess’ comet he found 
a nebulous object which changed 3™ in right ascension within the interval of 
six minutes. The change in declination was not noticeable. The object ap- 
peared of about the sixth magnitude and 6’ in diameter. Its position at 13" 
4™ (middle European time) was a = 4" 15".0 5 = + 20° 36’. Other observers 
on succeeding nights were unable to find the object. Mr. Franz thinks the 
object was a comet very near to the earth and calculates, assuming parabolic 
velocity, that its distance was 2.7 sina times the moon’s distance, a represent- 
ign the angle which the comet’s direction of motion makes with 


the line 
of sight. 
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Definitive Orbit of Comet 1893 I (Brooks).—In A. N. 4513 Mr. 
Joseph Polak of Moscow, Russia, gives the results of a ‘definitive determina- 
tion of the elements of the orbit of the comet 1893 I di 


scovered by Brooks at 
Geneva, N. Y., November 19, 1892. 


The computations give hyperbolic elements 
as the most probable but are not decisive so that the following parabolic 
elements may be taken as correct within the errors of observation. 
T = 1893 Jan. 9.53212 Berlin m. t 
w 85° 13’ 07.82 
Q =185 39 O7 .6 
:=208 SL 47 2 
log q= 0.0774072 


1893.0 





Comet b 1911 (Kiess):—On the morning of July 7, 1911, Mr. Kiess, 
from Lick Observatory, Mount Hamilton, California, discovered the second 
comet of this year. This discovery was made by means of photography. 

As soon as I received from Harvard Observatory the cablegram relative 
to this comet I tried to find it, but bad weather prevented me from doing so. 

It was not until the 20th that I could find the beautiful comet, using my 
“Zeiss’’ telescope with an eye-piece of power 48. 





CoMET KIEss OBSERVED AT 4" 20" ON THE MORNING OF 
TuEspAy 1911 JuLy 25, By Pror. Luis G. LEon. 


The nucleus was very bright and the coma very luminous. The comet was 
in the neighborhood of “Iota” Aurigae. The aspect of the celestial 
was that of a cotton flake with a condensation in the center. It reminded me 
of Halley’s comet in January 1910, but Keiss’ comet is much brighter. 


wanderer 


This morning (July 27) at four o’clock, I observed the comet and I could 
distinguish perfectly a star of about the eighth magnitude through the aster’s 
coma. This demonstrates once more how light and transparent is the comet- 
ary matter. 

The comet is no more in the constellation of Aurigae; it has passed to 
Taurus and it goes with great speed. 


Professor Luis G. Leon. 
México City, July 27, 1911. 
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Comet b 1911.—Kiess’ comet b 1911 has moved very rapidly across the 
sky and is now visible only in southern latitudes. The diagram, constructed 
from Kobold’s elements, shows that the comet was discovered soon after it 
came out from conjunction with the sun, having already passed perihelion and 
that it passed nearest to us about the middle of August. The orbit of the 
comet passes very close to the path of the earth at the descending node and, 
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DIAGRAM OF THE ORBIT OF COMET b 1911 (KIEss). 


had the comet come along about twenty-five days later, we should have been 
very close to it and might have seen a brilliant spectacle. In the diagram the 
dotted portion of the earth’s orbit is beyond the plane of the comet’s path 
and the dotted portion of the comet’s orbit is below the plane of the earth’s 
orbit. The projection is as if the earth’s path were seen against the plane 
of the comet’s orbit. The inclination of the two planes one to the other is 
31° 33’. 





Photographs of Comet b 1911:—I am sending you a couple of prints 
from our negatives of Comet b. A photograph taken about August 1, showed 
a very faint tail, thus eliminating all hope that the comet might become bright 
enough to be an interesting object, at least photographically. 

C. C. Kress. 
Lick Observatory, 
Mt. Hamilton, Cal. Aug. 14, 1911. 





Elements and Ephemeris of Comet b 1911 Kiess:—The follow- 
ing elements and ephemerides computed by Messrs Einarsson and Meyer at the 
Berkeley Astronomical Department of the University of California were received 
just too late for the August-September number of PopuLar AsTRoNoMy. The 
comet is already too far south for observation in our latitude. 

The orbit is based on the following observations: 


1911 Gr. M.T. a (app.) 5 (app.) Observer 
h m . ° , ” 
1) July 7.9488 4 50 5.6 +35 7 41 Kiess (L.O.) 
2) July 11.9533 4 43 84 + 3429 24 = = 
8) July 15.9535 4 36 5.0 +3329 29 ” a 








PLATE XV. 





1911 July 8. Exposure 1 hour by R. S. es ppard with Dallmeyer lens. 
Mid-exposure 3" 3" a. m., P. S. T 





1911 July 24. Exposure 2 hours by C. C. Kiess with Willard lens. 
Mid-exposure 2" 30™ a. m., P. S. T. 


PHOTOGRAPHS OF CoMmMET 6 1911 KIESS TAKEN AT THE 
LIcK OBSERVATORY 


PopuLaR ASTRONOMY, No. 188. 
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PRELIMINARY ELEMENTS. 
T (Perihelion date) 1911 June 30.2827 Gr. M. T. 
oe = 88 46’ 29” 
efiii 9 ; Ecliptic 1911.0 
f= 148 30 42 | 
gq = 0.69858 
EPHEMERIS 


1911 Gr.M.T. Truea True 6 
July 26.5 4 14 50 + 30 4 2 
28.5 4 9 46 1.99 0 12 
July 30.5 4 14 2 +27 43 51 
Aug. 1.5 3 57 26 +26 10 58 
3.5 3 49 41 + 24 15 41 
5.5 3 40 21 + 21 49 13 
3 28 50 +18 38 16 
3 i4 50 +14 22 26 
2 5&5 16 + Ss 31 4 
2 29 5&5 + 0 2s 2 





An observation taken by Kiess on July 18 gave the following residuals: 
Aa (O—C) + 22” Aé (O—C) ai” 

After August 13.5, the comet passes very quickly to minus declination, by 
August 19.§ its declination is‘south 36°, but it is about this date when the 
comet makes the nearest approach to the earth, being at a distance of about 
0.25 (hundredths) of an astronomical unit and theoretically its brightness is 


about twelve times that of the discovery date (that is on August 19.5 





Comet c 1911.—This comet as the diagram shows was caught almost 


as soon as it could be, on its way in to perihelion, and its course has been quite 
favorable for observation. The paths of earth and comet appreach each 
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DIAGRAM OF THE ORBIT OF COMET c 1911 (BROOKs) 


other until about October 1, after which the comet’s rapid movement will 
carry it quickly away, but during the most of this month it will be approach- 
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ing the sun and hence getting intrinsically brighter all the time. It is now 
visible to the naked eye but has as yet no conspicuous tail. It is likely to be 
visible in the telescope through November and possibly December, but in the 
latter month will be seen only by southern observers. The diagram was con- 
structed from elements by Mr. Young and Miss Aitken of the Lick Observatory. 





Brooks’ Comet, which is at present (September 6) moving northwest 
from the constellation Cygnus toward the constellation Draco and which is 
visible to the naked eye as an indistinct hazy patch of light in the sky, is 
being closely followed by Professor Barnard at the Yerkes Observatory. He 
has secured a number of splendid photographs which show considerable 
condensation and also a large extent of tail From a_ photograph 
taken on September 2, Professor Barnard finds that the head of the comet is 
vearly 510,000 miles in diameter, and that the tail has an extent of about 8°, 
which is approximately equivalent to ten million miles. Because of its posi- 
tion in its orbit this vast extent of the tail is not apparent since it is inclined 
toward the earth and is therefore foreshortened by perspective. On this date 
the ephemeris of the comet shows it to be about 50 million miles away, or a 
little more than haif as far as the sun. 





Second Elements and Ephemeris of Comet c 1911 (Brooks.) 
The following observations have been used for the determination of a 


second set of elements: 


1911 Gr.M.T. a (1911.0) 6 (1911.0) Observer 
July 21.74304 333 14 38.6 21 34 401 Aitken 

. Aug. 4.71330 328 44 58.8 30 11 54.4 Kiess 
Aug. 18.70793 318 11 59.8 41 29 05.1 Kiess 


The third of these is the mean of two observations. The dates and codr- 
dinates are corrected for planetary aberration and parallax respectively, on 
the basis of the geocentric distances corresponding to a previous orbit. 


ELEMENTS. 


T = Oct. 27.6825 Gr.M.T. 

w 152° 50° 29.7) 

22 293 05 15. 3} 1911.0. 

}= S38 56 6. 1) 

q = 0.3489506 

O—C I III 
cos 6 Aa a” es 
Aé —14 5 
CONSTANTS FOR THE Eovuatror 1911.0 

x = r [9.933523] sin (180° 02’ 077.4+ v) 
y =r [9.928072] sin ( 68 O00 31 |: v) 


z—r[9.868476] sin (123 U8 02 4 Ly) 

Although these parabolic elements admit of some improvement, the resid- 

ual of —14” in the first declination indicates, according to the method of solu- 

tion, that the orbit is slightly elliptic. The parabolic elements, however, given 

above, will represent the motion of the comet with sufficient accuracy for some 

weeks to come. An observation taken by Mr. D.W. Morehouse at the Students 
Observatory on September 4 is represented as follows, O—C: 


cos 6Aa = + 4”, Ad — 21” 
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The computation of the elements has been ecked in part by Messrs. 


E. L. Haynes and G. H. Pitman. 


From the foregoing parabolic elements by Mr. R. kK. Young we ve com- 


puted the following ephemeris 


EPHEMERIS FOR GREENWICH MEAN MIDNIGHT? 








1911 True a True 6 Log A Br 
Sept 16 47 10.7 96 39 12 1.7140 le Or 
16 21 15.7 < 48 42 
15 57 36.8 54 if 2& 7131 20.4 
15 35 00.5 5 1 29 
15 14 04.6 51 ic Of 9.7171 23.2 
14 54 49.5 19 39 S 
14 37 :1.5 +7 $6 2 120¢ 26.0 
Sept. 14 21 O4+.6 £5 2o if 
Oct 14 O06 21.6 13 OS 26 9.7387 29.0 
13 52 55.6 10 6 2 
13 LO 10.4 (s O38 16 7500 51.9 
13 29 31.0 55624 «48 
13 19 23.4 2 «+1 li 1.7776 54.7 
13 10 15.5 99 5 1¢ 
13 90 06.1 27 O1 O6 ».8Q35 7.0 
12 54 565.1 21 05 if 
12 48 43.2 21 06 25 9.8337 8.1 
12 43 5 18 ) ] 
iz 39 721.9 15 O02 49 9.8677 37.3 
12 36 14.8 12 0O O99 
12 410.5 Ss Ss ; 9 )41 14.2 
12 07.6 59 59 O 
Oct 12 03.2 § O4 25 9.941 29.0 


Berkeley Astronomical Department, 


September 11, 1911. 





Encke’s Comet.—Encke’s periodic comet was discovered first at its 


present return by Director F. Gonnessiat of the Algiers Observatory on July 31. 
It was seen under unfavorable circumstances, near the horizon, but appeared as 
a white spot, quite condensed, of about 30” diameter. On August 1, while ris- 
ing from the horizon, it became visible before stars of the ninth magnitude. 
Director Gonnessiat thinks that in the darkness of complete night it would have 
been estimated as from seventh to eighth magnitude 

Since its discovery the comet has passed perihelion and come out on the east 
side of the sun but not far enough to make it easy to observe It will not come 


into a favorable position for observation at this return 





Comet 1905 II Re-discovered.—A cablegram from Kiel Observatory 
via Harvard College Observatory announces that Borrelly’s periodic comet 
1905 Il was observed by Knoxham at Nolwan (probably Helwan, Egypt) 
September 19.5414 Greenwich mean time. Its position was then 

a 3" 46™ 20° 32° 54 


It is visible in a large telescope 
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COMMUNICATIONS QUESTIONS AND ANSWERS. 


[This department is designed especially for the use of amateurs. 
invited to send in their puzzling questions. The editors will try to see that answers 
are given to reasonable questions but will not hold themselves responsible for the 
correctness of the views expressed in the communications which may find place 
here. All céOmmunications should be brief.| 


Beginners are 


The Conjunction of Mars with Saturn on August 16 was watched 
for impatiently in this city, for the treat to see the two interesting objects at 
the same time in the field of a telescope does not occur so often and the unusually 
prolonged cloudy condition of the sky made the view of it somewhat doubtful. 
Our telescope is a Brashear Reflector of 84-inch aperture and 72-inch focallength. 

The conditions for seeing on this evening were not ideal. The Milky Way 
could hardly be distinguished, the Andromeda nebula, while fairly bright in the 
center, did not afford a sight of the outlying ends of the wedge. Vega, near 
the zenith, showed best, the little companion being plainly seen. 

Near midnight the telescope was pointed to the showpiece of the evening 
and with a 72 power the two planets were in the field. The contrast in color 
between the two objects was very striking, yes startling. The burnished 
coppery color of Mars made Saturn appear of a greenish tint, more so than 
ever noticed before. Was it caused by contrast? The definition of Saturn 
was much better than that of Mars. The shadow of the planet was very 
distinct on the ring, and the division in the ring came out plainly in steady 
moments, while in Mars the outline seemed to be seething and boiling, and 
nothing but the gibbosity of the planet could be made out. 

With higher power this difference of defining was the same. The features 
in Saturn were steady, while in Mars no detail would come forth, owing to 
the poor definition. Now, both objects were being looked at through the same 
stratum of air, and should be affected alike, or is the explanation to be sought, 
in the relative nearness of Mars to the Sun, compared with Saturn and the 
reflection sent back to us from them both? Will some of your correspondents 
kindly shed some light on this and volunteer some information? 

HERMAN FRriIvTz. 
Chattanooga Museum Observatory, 
August 25, 1911. 





Venus Visible at Conjunction.—On September 12, Venus was in 
inferior conjunction, yet was plainly visible to the naked eye. 


This rather 
remarkable phenomenon was due to the unusual 


fact that Venus was ten 
degrees south of the sun, a distance safely out of the strong glare on a very 
clear day. 

About half past two of the afternoon of the 12th, the writer judged as 
nearly as possible the position of Venus relative to the sun, about ten degrees 
south, and pointed a small portable-telescope without tripod to that region 
of the sky. A tiny spot of light soon flashed across the field. When the 
object was recovered and the instrument was sufficiently steadied, the thin 
but clear silvery crescent with horns pointing downward was unmistakable. 
Laying the telescope aside, the observer with eyes shaded looked into the 
bright but unusually blue sky beside the sun and succeeded in seeing Venus 
distinctly with the unaided eye. Several subsequent glimpses within the next 
few minutes were quite as successful. Venus, although as near to the sun as it 
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could possibly be during this passage was clearly visible, thus having a doubly 
long interval of visibility in this synodic period, its visibility being uninter- 
rupted at conjunction. In the southern hemisphere in latitudes equal to our 
own, Venus has been enjoying the distinction of being both ‘morning star” 
and “evening star’ at the same time and undoubtedly could have been seen 
as such 

The visibility of Venus in conjunction is quite an interesting phenomenon 
and will not often be observed because the planet usually passes in conjunc- 
tion much closer to the sun. What made this possible at this passage is the 
fact that Venus was so far from the sun even at its closest point, which might 
seem remarkable when it is remembered that Venus’ orbit is inclined only 
about three degrees to the plane of the ecliptic But this is easily explained 
by its proximity to the earth during inferior conjunction 

This phenomenon is, in a sense, the opposite to that of a transit, which 
will not occur for nearly two hundred years. It is the writers opinion that 
Venus is always invisible to the naked eye at a superior conjunction 

HAROLD B. Curtis 
New Castle, Pa. September 13, 1911 





Audibility of Aurora Borealis.—In the August PopuLarR ASTRONOMY 


Mr. Charles Caverno mentions a case in which the Aurora Borealis made 


‘swishing’’ and “‘crackling’’ sound. This brings to mind one I witnessed in 


August 1893, and as I cando no better than to quote the record in my note- 
u 


c 
book, will do so in full, as I believe it has never been published before. 


“1893 August 6, 8:45—1:00hr. One of the 


grandest auroras that it has 
been my privilege to witness. When first seen, it resembled dawn, only it was 
in the north. This continued a few minutes when rays of white light shot up 
two-thirds of the way to the zenith. This was followed by the usual flashing, 


waving, flickering light; this changed to a resemblance of clouds of smoke 


intermingled with flames of fire. This continued for some time rolling and 
tumbling, when it again changed to the flashing, rolling, waving, sheets of 


light, flashing past the zenith, being the most brilliant in the north-east. A 
little north of west, a narrow but bright band of light shot up and extended 


through the zenith, to the eastern horizon. While this was in progress a short 
spindle shaped, but intensely bright ray of light appeared above Polaris, parallel 
to the horizon. The thick part of this ray of light moved rapidly from east to 


west al 


d back again in quick succession until it finally stopped and disap- 


peared. Again the scene changes and resembles an immense conflagration 
Columns of smoke intermingled with leaping flames and tongues of fire roll 
and tumble as if driven by a strong wind With it there was a roaring as 
if caused by an immense fire at some distance rhe air was perfectly still, so 


t vividly to mind the 


lolph, Ohio 


that it was not caused by the wind. The scene b 





words of the prophet in Joel 2:30.’’ Observed at 

While | have witnessed many aurorae before and since this one, vet it is 
the only onein which a soundthat couldonly be attributable to it, was audible 
vet, in nearly all the other cases the conditions under which they were ob 
served, were such to mask any sound which the aurora might have made, as 
that due to trains, street cars, and other noises due to city activities The 
conditions under which the one described above was observed, were ideal in 


every way, the night was perfectly still, and Randolph was five miles from 
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any railway, and ten miles from any city. The rising moon obliterated the 
display at one o’clock a.M., having been continuous for over four hours. 
At 6hr. that afternoon an immense and very active group of spots was 
seen south of the center and a little east of the central meridian of the sun. 
Wa. E. SPERRA. 
Cleveland, Ohio, 1911 Sept. 10 





February asan Anniversary month.—With reference to Dr. Camp- 
bell’s note at p. 80 of Vol. XIX on February, one may add that Jannsen the 
French Astronomer was born at Paris on February 22, 1829. Nova Persei 


was discovered by Anderson and J. E. Gore in 1901 on the same date. 


V. RAMESAM. 
Vakil, High Court, Madras, India. 





A Brilliant Meteor.—\ very brilliant meteor was observed from this 
station on Saturday June 3 at 9:40 p.m. Its brightness almost rivalled that 
of the moon, which was at first quarter. It started from near the zenith 
and passed in a northeasterly direction, and within about 15° of the horizon 
it appeared to burst or break in pieces. 


J. G. APPLE. 
Sagertown, Pa., Lat. 41° 43’, Long. 80 , 
: 





The Gyroscope—A Qualification. Your magazine for June-July is at 
hand; and on reading in cold type my last article on the Gyroscope as a Com- 
pass, in view of information that this class of instrument operates very slowly, 
I fear that I shall have to qualify for the present at least the main point, that 


it demonstrates gravity to be a pressure instead of an attraction. I had sup- 


posed trom the statements of others that a free-moving gvrostat acted with 


considerable speed in bringing its axis into line with that of the earth. On the 
contrary it appears to act very slowly indeed moving simply as the mechanical 
effect of the earth's motion tending to pull the axes of all bodies rotating freely 
on its surface into line with its own axis. 
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Washington, D. C. June 16, 1911 
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Let us briefly examine a few verses of the first chapter of Genesis. 

“In the beginning God created the heaven and the earth.’’ This statement 
is unscientific for science knows no such conception as a universal beginning of 
things, including matter. The passage moreover, has been wrongly translated, 
since the Hebrew word, Elohim, here rendered God, is plural in form. 

It is also, in the present case, plural in meaning as the context plainly shows: 
See chapter, 1 verse 26, and chapter 3, v 22. 

The passage, theretore, should have been rendered as follows: ‘In the begin- 
ning the Gods created the heaven and the earth.’’ This rendering harmonizes 
with another passage in the Bible, which says, ‘There are Lords many, and 
Gods many.”’ The false rendering however, has been retained, since the necessity 
for upholding the monotheistic doctrine was felt to be so urgent, that Christian 
writers were only to willing to perpetuate the pious fraud. 

“And the earth was without form and void.”’ 

Every scientist knows that nothing can exist without a form, whether it he 
in the solid, liquid, or gaseous state. As Professor Huxley has said the wildest 
and most fantastic streak of mares-tail cloud that ever floated in the sky has a 
form. 

As for the statement that the earth was void, I would ask, void of what? 
The passage does not say, and therefore it has no meaning unless it means void 
of matter, which would be false and absurd. 

Of course if the passage were understood in a poetic or metaphorical sense, 
it might pass; but Mr. Macpherson insists on the scientific value of the first 
chapter of Genesis; and it is only from a scientific point of view that we are 
regarding it. 

‘“‘And darkness was upon the face of the deep.”’ 

Not so; for there could have been no darkness upon the earth at this time. 
The writer is here speaking of the earth as a distinct entity, after it has been 
sepurated from the sun. But, according to the nebular hypothesis, the earth at 
the time of its separation was glowing with heat and light, and not until the 
earth's crust had solidified, and ceased to become luminous, could it be said with 
any scientific truth, that ‘\darkness was upon the face of the deep.’’ Hence, in 
the development of the earth, light preceded darkness, and not darkness light, 
as Genesis affirms. 

Professor Guyot, in a frantic attempt to save Genesis, interprets the second 
verse as referring, not to the Earth, but to the primitive nebula from which the 
earth was thrown; and he acknowledges that unless this view is adopted. a 
reconciliation of Genesis with science, will be very difficult, if not impossible. 
The view, I believe, has not generally been accepted by Bible defenders; although 
their consciences have usually been elastic enough for the utmost stretch of in- 
terpretation, when necessity required. 

But even if we accept Guyot’s interpretation, this will not help matters, as 
far as the question of darkness is concerned, for the primitive nebula (which is 
supposed to have been the result of a previous collision) existed as a fire-mist 
from the start, and was never involved in darkness. 

“And the spirit of God moved upon the face of the waters.’ But why on 
the waters only, and why did it not permeate the mass, just as the force of 
gravitation does, which force is the most suggéstive of the Divine energy of 
anything that we know? This is truly a superficial account of the creation. 

A certain writer, who thinks he sees 4 profound truth in the above passage, 
calls attention to the fact that electricity tends to accumulate on the surface 
of bodies. 
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*‘And God said, Let there be light and there was light.” 

It is remarkable that the only branch of physics which the writer seems to 
have known, was light, although gravitation and heat 
important part in the development of worlds. His knowledge of light, how- 
ever, was not sufficient to prevent him from falling into a fatal error, for ac 
cording to the present way of interpreting the passage, 


played a much more 


the creation of light 
implies a former condition of darkness either in the earth, or in the primitive 
nebula. 


We have shown on theoretical grounds, that no such supposition is admis- 
sible. The results of observation also lead to the same conclusion. It has been 
estimated that if the whole heavens were conceived to be divided into 40,000 
equal square parts, each one of those parts would contain, on the average, not 
less than three nebula. These nebulz scattered all over the heavens, are seen 
in all stages of tormation, from the most primitive, to the most developed; and 
the tact that they are all visible at such vast distances, shows that in no state 
of their existence are they covered with darkness 

Darkness did not prevail over the earth, until the earth’scrust by gradual 
cooling had ceased to become luminous, and this must have been the stage-at 
which the Genesis account of creation begins, if any sense is to be made of it 
While this view will not make harmony between Genesis and science, it will 
make a nearer approach to it than any other interpretation. The darkness 
was accompanied by acondensation of vapors; and then ‘darkness was upon 
the tace of the deep.”’ 

The subsequent penetration of the sun’s rays through the vapors that 
remained, caused the first vicissitudes of light and darkness, and the beginning 
ot the day of twenty-four hours. The 


Hebrew word yom, translated day 


means a day of twenty-four hours, and good Hebrew scholars say that it never 


has any other meaning, except when it refers to that part of 


the day of twenty- 
four hours which is light. However that may 


be, it is evident that this is the 
meaning in the present case, for it is defined in such a way as to leave no doubt. 
‘‘The darkness he called night, and the light day 
But it seems hardly worth while to continue this criticism 
tial reader study the other verses of the chapter for himself, and he will find 
that scarcely one of them has any more scientific me 


Let the impar- 


ning than those already 
examined. 


The French writer Guibert, a firm believer in the Bible, comments as follows 
on the first chapter of Genesis: ‘‘In the present case a scientific revelation does 
not appear to have been made. Intact there seems to be nothing to lead the 
learned to any discovery. Jt is only b application of the text, that 
an allusion can be tound to the modern discoveries of 


y a forced 


science 


This sensible conclusion of Guibert, will undoubtedly be the ultimate ver- 


dict of every candid mind 


FRANK GILMAN 
Soston, Mass 





Question.—All other things being equal which diminishes the light in a 
telescope more—lengthening the focus of the objectglass or shortening the 


focus of the eyepiece? In other words which would e the best illumination, 
the one with the long focus 


us and ion 


of two objectglasses having the same aperture, 
and short ocular or the one with the short foc g ocular—admitting 
the magnification to work out the same? 
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ANSWER.—The writer of the question has interchanged the words “long” 
and “short’’ as applied to the ocular in the two parts of the question. The 
magnifying power of any combination of objective and eyepiece is equal to the 
focal length of the objective divided by the focal length of the eyepiece. So 
the long focus objective would require the long focus evepiege, and the short 
focus objective the short focus eyepiece, in order to give the same magnifying 
power. This being true the greater loss of light, the aperture of the objectives 
being the same, would be with the short focus combination, since the curva- 
ture of the lens surfaces must be greater and consequently more light would 
be lost by reflection at the several surfaces 





Question.—At what pvints of the compass does the sun rise on June 1, 
July 1, August 1 and September 1? 





ANSWER.— OM a ieee 31°N. of E. 
PN Bicsiacsasisidseaes 34°N, of E. 
MRE Fh ccccccccasvccs 25°N. of E. 
September......... -£2°N...of S; 


These figures were read off from a celestial globe adjusted to latitude north 45°, 


and are to the nearest degree. For other latitudes the figures would be different. 





Question.—Do variable stars increase in brightness when at greatest 
distance from their companion or sun ? 

ANSWER.—A_ variabie star is a sun (or two suns) of itself. Those with 
which we are most familiar are supposed to be pairs of suns, one brighter than 
the other, revolving around each other, their centers moving ina plane which 
passes close to the earth. When the darker one passes between us and the 
brighter one, part of the light of the brighter star is cut off. Sometimes the 
two stars are of equal brightness and so when they are not in line with each 
other we receive double the light that we do when one is in front of the other 
In neither case is the light of either star appreciably increased by reflecting the 
light of the other. There are many variables which cannot be explained in 


this way and for which we must imagine some cause which effects an actual 


change in the brightness of the surface of the star or stars. 





NOTES FOR OBSERVERS. 


Co-operation in Observing Variable Stars.—The suggestions 
which I made in the August number seem to be meeting with a favorable re- 
ception. Several have written expressing the wish that an amateur society 
be formed and it seems that a beginuing can be made by forming a Variable 
Star Section. Mr. W. F. Olcott, 62 Church St., Norwich, Conn., who is now 
one of the observers co6perating with Harvard College Observatory in vari- 
able star work, has kindly offered to take charge of the necessary correspond- 
ence in the direction of such a section. I would suggest that all those vrho 
care to enroll themselves for systematic variable star work write at 
Mr. Olcott. 

At present quite a number of observers are coGperating according to a 
plan suggested by Professor E. C. Pickering, Director of Harvard College Ob- 


once to 


servatory, and these would form the nucleus of a strong variable star section. 
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In the Harvard Circular No. 166 ofessor Picker 
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} 
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Methods 
Circular 112 


of Observing Variables. 


to observers coOperating with Harvard is 


of comparison stars is selected for each riable 


tude determined as described in Annals 37 This n 
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point to avoid mistaking it for a star Wit! 
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with a brighter and fainter star. Thus if four 
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by more than a tenth of a magnitude from those 


method. No further reduction of these obser 


\ tions 
curve may be constructed next day, using times an 


The observer should never look at the light curve 


tions, as, if he knows what magnitude is to be expected 
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down a sequence placing the variable between a brighter and fainter star, with 
numbers indicating the relative difference of brightness. Thus 
aSv5ib 
would signify that the observer thought he could divide the difference in 
brightness between the comparison stars into ten gradations or steps and that 
the variable was just as near one as the other in the scale of brightness. If 
the comparison stars are more nearly equal the record may be 
a2v3b or et iad. 

When an observer has had sufficient practice, so that his unit of gradation or 
step becomes practically constant he may make a series of shorter sequences as: 
aay; b3 7 r2eq vid ee: 

Then whenever the magnitudes of comparison stars become known, the 
brightness of the variable can be determined from each of them separately. 





What an Amateur can do.—Professor Phillip Fox, Director of the 
Dearborn Observatory protests against my cutting out the observation of 
sunspots from the list of valuable work that an amateur can do, and insists 
that observations with a small spectroscope,of the regions in the vicinity of 
sunspots may be extremely interesting and valuable. I am glad to add this 
form of solar observation to the list. 

Mr. Frederick C. Leonard suggests also the observation of the colors of 
the components of double stars. For this, however, observations with a 
refracting telescope are of little value. One should use a reflector with 


very 
perfect definition. 





GENERAL NOTES. 





Owing to an extraordinary sale, No’s 156, June-July 1908; 161, January 
1909; 169, November 1909; 170, December 1909, are out of our files. Requests 
for these numbers have not been numerous enough to warrant the reprinting 
of any of the issues, but still a number of our subscribers need them to com- 
plete their files of PopULAR AsTRONoMy. If any of our readers, therefore, have 
made all the use they care to of these numbers, and care to dispose of them, 
we should be very glad to buy them back at the rate of 30 cents a copy. 





Dr. Robert H. Baker has been appointed director of the Laws Observ- 
atory of the University of Missouri. 





Mr. G. Fayet of the Paris Observatory has been appointed astronomer at 
the Observatory of Nice, to succeed Mr. M. Simonin. (A.N. 4519). 





New Observatory in Africa.—The Geographical Society of France 
has entrusted to Mr. R. Jarry Desloges the mission of erecting an observatory, 
more or less temporary, on the high plateaus of North Africa. Experimental 
observations have been made at various points in this vast region at an alti- 
tude of over 1100 meters and a site has been found which appears to combine 
all the required conditions. The observatory is in course 
(A. N. 4519). 


of construction. 
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Mr. Frank Watson Dyson F.R.S., Astronomer Royal of England 
received the degree of L.L.D. from the University of Edinburgh on July 7. 





Meteors in July.—Mr. Denning writes from Bristol under date July 27:— 
“The present month has proved to be a record here so far as the number of 
meteoric observations is concerned, for watches were maintained on twenty-six 
of the twenty-seven nights. The seventeenth alone was overcast. Between the 
sixteenth and twenty-seventh I saw a considerable number of Perseid-like 
meteors, but they were directed from a radiant at 23° + 42° in Andromeda. 
There have heen few genuine Perseids up to the date of writing.” (The Observa- 
tory, August 1911.) 





Standard Time Adopted throughout Portuguese Territories.— 
I beg toinform you that Standard Time will bein use, from 1912 January 1, 
throughout Portuguese territories, as: follows: 

8" OE. Macao, Portuguese Timor, 

5 O E. Portuguese India (provisionally 5» 30™ E 

2 0O E. Portuguese East Africa. 

1 O E. Portuguese West Africa 

0 O (Greenwich, or West Europe).—Portugal, St Thoméand Principe 

Islands, Whydah. 

1 O W. Madeira, Portuguese Guinea. 

2 O W. Acores and Cape Verde Islands 

This Observatory remains entrusted with the determination and the tele- 
graphic transmission of Standard Time to the whole country, to the Lisbon 
Time-ball, and to the Time Station at the Meteorological Observatory, Ponta 
Delgada (St. Miguel, Acores). 

I profit by this opportunity to state also that the most reliable geograph- 
ical latitude of this Observatory is 

Lat. N. 38° 42’ 30.5 (Prime Vertical, Meridian, and Zenith Telescope 

series of observations from 1872 to the present 
printed or unprinted) 

and that the name “Lisbon, Tapada’’ is now the most suitable for it, like for 
instance, ‘‘Florence, Arcetri’’, or ‘Naples, Capodimonte 

There has been built and is working since two years a new astronomical 


observatory at Lourengco Marques, whose geographical coérdinates are 


(transit pier): 


Lat. S. 25° 58  4.°9+0.’2 (Meridian observations by Capt. Gago 
Coutinho 
Long. E. 32° 35’ 39.”4 + 0.”05 (Moon culminations, simultaneously here, 


and geodetic connection with the Cape). 
Altitude (top of pier) 59 metres. 
Campos Rodrigues. 
Vice Admiral P. N. Director 
Lisbon, Tapada. 1911, July 25 





The Meteor of July 16, 1911.—The bright meteor which passed neat 
Chicago about 8 P.M., Sunday, July 16, 1911, was seen by myself and Profes- 
sor H. L. Rietz of the department of mathematics, University of Illinois. We 
were ina rowboat on Hamlin Lake near Ludington, Michigan, and my estim- 
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ates of direction were necessarily rough. The altitude at the beginning was 
13°, at the end, 10°, and the correspoiding azimuths were 50° and 70° south 
of Venus. Tke apparent motion was slow, the estimated duration being five 
seconds for the flight of about 20°. The meteor was white and about ten 
times as bright as Venus. It left only a short trail, never more than two 
or three degrees, and there was no persistent luminous streak visible in the 
twilight after the disappearance of the main body. Although at times several 
small pieces were detached, there was no general bursting of the meteor. 

As Hamlin Lake is about 175 miles from Chicago, my estimate places the 
minimum height at thirty miles, which is quite different from the estimates of 
some of the Chicago citizens who, according to newspaper report, thought 
that the body was a few hundred feet above the earth. 

JOEL STEBBINs. 
Hamlin Lake, Ludington, Michigan. 
July 19, 1911. 





The Solar Apex from a 5° Zone.—In A. N. 4499 Mr. Alexander 
Wilkens of Kiel, Germany, gives the results of a determination of the solar 
apex, by means of the proper motions of 620 stars, with relatively large 
proper motion, in the zone between declination +29°50 and +35°10. The 
proper motions were derived from a comparisonof Wilkens’ observations, made 
at the Kiiffner Observatory in 1905-06, with the Leiden A. G. Catalogue for 
1875, and Bessels observations 45 years earlier. Of the stars used 233 were 
brighter than magnitude 8.5, but mostly about 7.5, 282 were between 8.5, 
and 9.0 and 105 were fainter than magnitude 90. The determination of the 
solor apex is thus dependent principally upon the motions of fainter stars 
than have hitherto been employed for this purpose. In spite of the fact that 
only a narrow zone of the sky was concerned, the result comes out in fair 
agreement with other recent determinations, the position of the apex being 

R.A. 286 Decl. = + 37 





Hourly Number of Meteors.—In A.N. 4515 Mr. W. F. Denning gives 
a table exhibiting the hourly frequency of meteors. He says “The numbers 
are deduced from data obtained at Bristol (England) and relate to the mean 
of a.m. and p.m. observations and are for one observer watching a clear, 
moonless sky uninterruptedly. The results on which the table is founded were 
gathered during the years 1866 to 1911. There being no leap-year in 1900 
and the great majority of the observations being taken before that year the 
dates may be regarded as one too early. Thus the Perseids at the present 
epoch will supply about 69 per hour on August 11, not on August 10 as form- 
erly, forthe maximum of that display is now on August 11 or i2. 

“In various years the number of meteors appears to vary not only on individ- 
ual nights but generally during a whole year. L saw many more meteors in 1877 
thanin 1887, but it is true my place of observation was better inthe former year, 

“My materials, though pretty abundant, are not sufficiently full for an 
exhaustive investigation and perfectly reliable results. However I believe the 
table will furnish a useful guide and be found approximately correct. It must 
be remembered that no two observers will obtain accordant observations. 
Zezioli in the beautiful skies of Italy and Tupman in the Mediterranean saw 
a surprisingly large number of meteors, while Schmidt at Athens and others 
appear to have recorded comparatively few, so that hourly rates computed 
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from the experiences of different observers must necessarily vary considerably. 
The values here given are fairly correct for my eye and for the circumstances 
under which I pursued the observations 


“T have taken no account of the great meteoric showers which I witnessed 


on 1866 November 13, 1872 November 27 and*1885 November 27, as the 
thousands of meteors appearing in such very exceptional displays would swell 
the numbers far beyond ordinary experience. The idea in forming the table was 


to show the hourly number of meteors to be expected on ordinary nights of 


the vear when. the conditions are favorable for viewing these phenomenon. In 


or near large towns where artificial illumination affects the sky, the frequency 
of meteors is not nearly so well marked as in country districts where darker 


skies enable much smaller objects to be observed 











Jan. Feb. Mar. Apr. MayJune July Aug. Sept. Oct. Nov. Dec 
1 18 8 7 7 7 6 8 20 15 13 12 9 
4 258 z 6 8 6 5 7 19 14 14 12 9 
3 12 7 7 5 6 6 5S 19 13 14 13 10 
9 6 8 q i 6 9 12 14 14 11 
5 10 6 ‘ 7 6 T 9 12 12 12 12 
6 g 6 6 S 5 G Nn I4 14 1 l 13 
7 7 7 6 5 6 S 1 12 13 ee 
5 7 7 7 7 6 6 9 i 12 14 14 14 
y 7 7 7 a 6 r 9 tS l 1; 14 16 
10 7 6 Ss S 6 6 10 69 l 14 15 22 
11 8 6 S 8 6 6 10 LS 14 16 23 
12 ra) 7 ri 7 6 7 11 0 ] 15 17 19 
13 Ss 7 5 7 7 ( 11 2 14 Lf 20 16 
14 ) 7 9 S 6 6 12 2 1 17 21 ] 
15 Ss SS S 7 6 7 12 18 1S 21 18 10 
16 9 Ss 9 6 5 7 13 17 l 2 17 19 
17 9 8S 10 6 =) Ss ] lt 14 21 16 9 
18 9 8 9 7 5 7 14 I 1 21 15 8 
19 9 9 Q QR 6 6 15 15 14 20 14 9 
20 10 Y Ss + J 6 5 16 16 I 19 15 S 
21 9 9 7 10 6 S 17 li li 1s lf 10 
22 S Ss 7 Ss 7 7 18 19 16 17 15 10 
23 7 S Ss 7 7 7 19 19 15 16 16 S 
yy 6 be hed i) 6 7 48) 2%) 14 16 14 Ss 
25 6 S S fy 6 6 7% LB | l 15 t= gy 
26 7 rf 7 s) 6 7 2 ea! 14 14 14 S 
re | 7 7 7 6 o 7 ; l ) 15 15 9 
28 Ss 7 Ss 7) 6 6 27 ( 1 i6 14 Y 
29 7 Ss 6 6 6 19 14 15 13 10 
30 S 9 7 7 i 23 18 15 14 12 9 
31 7 Ss s 21 16 14 10 





Peculiar Star Spectra Suggestive of Selective Absorption of 
Light in Space.—In A. N.4513 Mr. V. M. Slipher lls attention to the 
spectra o} a number of stars of the Orion type in whi the al 
sharp and stationary, while the other lines of the spectra ure diffuse and show 
periodic displacements due to probable motion of the stars. Using Campbell's 


elements of the solar motion, he finds the calcium velociti as deduced from 


the ten stars 8, 6 and o Scorpii, ¢ Ophiuchi 0, ind « Persei and 7, 6 and 


Orionis, to be generally under four kilometers. It thus seems that t 


ne source 
of the calcium absorption has at most a very slow velocity in space and is 


therefore outside the solar system All these stars are located in or neat 
branches of the Milky Way. 
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“At present is is not possible to decide whether the phenomenon is due to 
extensive veils covering large regions of sky, like the affected regions of Scorpio, 
or whether the individual stars in the region each possesses, perhaps more 
optically than physically, a nebulous veil whose chief absorption is, so far as 
known, calcium.” 





PROFESSOR H. POINCARE the eminent French mathematician, has noti- 
fied Professor T. J. J. See, Director of the Naval Observatory, Mare Island, 
California, that he made use of RESEARCHES ON THE EVOLUTION OF THE 
STELLAR Systems, Vol. IL., in his course this year at the Sorhonne, insisting 
especially on the capture of planets as satellites under the action of a resisting 
medium. The course of lectures is being published, and is to appear in November, 





The Gyro-Compass. In the May number of the Observatory, Mr. H. 
P. Hollis gives a description of the Anschiitz Gyro-Compass, the workings of 
which had been demonstrated by Mr C.K. B. Elphinstone before the April 
meeting of the Royal Astronomical Society. In view of Mr. Kirks article in 
the June number of PopuLarR AsTRONOMY, some parts of this note may be of 
interest to our readers. 

“When Dr. Anschiitz, whose name is associated with the gyro-compass 
now before the world, began experiments in the year 1900 he tried to realize 
Foucault’s gyrostat with three degrees of freedom; but this had to be abandoned 
owing to the impossibility of making an instrument in which the center of 
gravity and center of suspension were absolutely coincident, and with the axes 
of rotation meeting exactly in this point. In 1906 he began to develop the 
simpler instrument in which there are only two degrees of freedom, and the 
present compass consists of a gyro-wheel having the essential parts of a small 
electric motor rigidly fixed in its interior, which causes it to rotate at 20,000 
revolutions per minute. This gyro is earried upon a float free to move 
in a bowl of mercury so designed that as long as the gyro is not rotating 
the whole moving system is free to swing in every direction like a pendulum. 
The center of gravity of this whole moving system is below the meta center, 
so that when the gyroscope is set rotating the rotation of the earth tends 
in general to make the axis not horizontal, but the force of gravity and the 
upward pressure of the mercury form a restoring couple, which combined 
with the rotary force of the earth directs the axis of the gyro-wheel to 
lie north and south. It was seen early in the experiments that a great 
diticulty to be contended with was due to the fact that all the movements 
of the ship affect the gyro-wheel, and that oscillations once having been set 
up, it would be a long time before the instrument came to rest, which would 
have rendered it practically useless as a substitute for the magnetic com- 
pass; but this difficulty has been overcome by an ingenious device for damp- 
ing the oscillations by means of small air-blasts through holes in the outer 
case of the gyro-wheel, which is one of the essential points of the invention. 

“It appears from Mr. Elphinstone’s remarksatthe meetings that the orig- 
inal object of the designers of this compass was to make an instrument for us 
in polar expeditions, but that for this purpose the gyro-compass as at present 
constructed is quite unsuitable. Nevertheless, for general navigation from 
latitude 70° N. to 70° S., and especially fur use on submarines and vessels 
where electric power is abundant, the new instrument is quite suitable, so 
that it is being adopted in the ships of the British, the German, and other 
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Continental navies. The Anschiitz compass with its compass card is some- 


what larger than the ordinary magnetic compass, and though it may be 
placed in a binnacle on deck in the ordinary fashion, it has the advantage that 
it may be placed below the water line, and its movement geared up and 
transmitted, so that the readings of its compass card may be exhibited in a 


magnified form in any part of the ship.”’ 





Radial Velocities of 150 Stars.—In the Publications of the Lick 
Observatory Vol 1X, Part IV are given the detailed results of the observations 
made by the D. O. Mills Expedition to the southern het 





re during the 
years 1903-06. The expedition during these years was under the charge of 
astronomer W.H. Wright of the Lick Observatory, assisted by Dr. H.K. Palmer. 
The volume contains the results of measures of spectrograms of 150 stars 
south of declination —20°. For most of these stars four or more spectrograms 
were obtained and the resulting radial velocities are given for all the measur- 
able lines on each plate. In some cases as many as sixty or more lines were 
measured. The velocities from the individual lines are in most cases remark- 
ably accordant, thus attesting the excellence of the plates as well as the accur- 


acy of the measures 





Among the 150 stars forty-one have been found to | e variable velocities 
and are therefore to be regarded as spectroscopic binaries This is a remark- 
ably large proportion of stars to be found binary and bears out the statement 
which has often come from the Lick observers that probably one third of all 
the bright stars are spectroscopic binaries. 

As an addendum to the volume are given the orbits of three spectroscopi 


binaries, a Carinae,a Pavonis and « Velorum, calei 





while he was in charge of the D. O. Mills expedition 





The Ottawa Meeting of the Astronomical and Astrophysical Society 


of America was held according to the program given in the August-September 


20, t the I 10n Observatory 


Ottawa, Canada. Almost all of the members put uy t the Russell House, 


number of PopuLar AstTrRoNomy, August 2: 


the official headquarters of the Society while at Ottawa. The meeting opened 
at the Observatory on Wednesday morning with President Pickering in the 
chair. Dr. King, Director of the Ottawa Observatory, welcomed the Societ, 
to Ottawa and read a communication of welcome from the Canadian Minister 
of the interior. The program as printed was carried out without changé 
Twa reports of standing committees were read The first of these was 
by Dr. Campbell and was an informal report of the wor f the Committee 
on Radial Velocities, appointed at the 1910 meeting, On the morning of 
Friday, August 25, Dr. Schlesinger, Chairman of the Committee on pho- 
tographic Astrometry, read the first report of this Committe This was 
followed by a symposium, at which Dr. Schlesinger presided, on the subject 
of the determination of absolute star places by photography The sym- 
posium was opened with the papers of Professor Russell and Professor Pick- 
ering, whose titles are given below and was followed general discussion 
in which Professors Littell, Doolittle, Tucker, Pickering and Russell took part. 
The officers elected for the ensuing year are: President, E. C. Pickering, 


First Vice-President, E. B. Frost, Second Vice-President W. W. Campbell, 
Secretary, W. J. Hussey, Treasurer, C. L. Doolittle, Councillors, J. S. Plaskett 
and W.S. Eichelberger 
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The Council decided to hold the next annual meeting at Allegheny Obser- 
vatory, in August 1912. The Society will also meet at Washington in Decem- 
ber, in connection with the meeting of the American Association for the Ad- 
vancement of Science. 

Among those present were Miss Cannon, Miss Furness, Miss Palmer, Miss 
Schwartz, Miss Whittin, Messrs. Apple, Bailey, Cannon, Chant, Curtiss, 
DeLury, Doolittle; Douglass, Eichelberger, Frisby, Harper, Jordan, King, 
Littell, Manson, Marsh, McDiarmid, S. A. Mitchell, Motherwell, Parker, Peters, 
E. C. Pickering, Plaskett, Russell, Schlesinger, Slocum, Stebbins, 
Tatlock, Tucker and Turner. 

The following is the list of papers which were presented: 

1. E.C. Pickertnc. A Method of Determining by Photography the First 

Point of Aries. 


Stewart, 


2. Miss ANNIE J. CANNON. The Spectra of 762 Double Stars. 
3. Muss ANNIE J. CANNON. Classification of some Stellar Spectra Photo- 


graphed with the Slit Spectroscope at the Allegheny, Lick and 
Yerkes Observatories, compared with those taken at Harvard with 
the Objective Prism. 

4. J. A. ParkuHurst. The Spectra and Colors of Red Stars of H.C. 0. 
Classes N and R. (Lantern.) 

5. W.E.HarpER. The Orbits of the 
Bootis. (Lantern.) 

6. JOEL STEBBINS. Studies of Bright Variable Stars. (Lantern.) 

7. E.S. Kine. The Variability of Polaris. 

8. Henry Norris Russetu_. A Study of Visual Binary Stars. 

9. FRANK 8. LITTELL, The 6-inch Transit Circle of the United States 
Naval Observatory. 


Spectroscopic Components of d 


10. Frank B. Lirrety. The Alt-Azimuth Instrument of the United States 
Naval Observatory. . 

1i. W.J. Humpureys. The Earth's Radiation Zones. (Lantern.) 

12. W. J. Humpnreys. The Amount and Vertical Distribution of Water 
Vapor on Clear Days. (Lantern.) 

13. Miss Saran F. Wuitinc. Daytime Laboratory Work in Astronomy. 

1%. Frank W. Very. On Scales of Intensity for the Lines of the Solar 
Spectrum. 

15. Miss HeNrreETTA S. LEAvitT. Periods of Variable Stars in the Magel- 

lanic Cloud. 

S. A. MircHeLL. The Radial Velocity of 96 Herculis. 

17. R. H. Tucker. The San Luis Observatory of the Carnegie Institution 

C. C. Smitu. Short Formula for the Computation of Circum-merid- 

ian Azimuths. 

19. R. M. Srewart. Changes in Collimation and Level of the Ottawa 
Meridian Circle. 


20. J.S. Prasketr. Preliminary Measures of the Solar Rotation. 





A Fellowship in Astronomy.—There is a vacant fellowship in as- 


tronomy and mathematics at Goodsell Observatory. The candidate should 


be a college graduate, with a good preparation in elementary: astronomy and 
college mathematics, including calculus. The 


stipend is enough to pay for 
room, board and college fees. 





